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ISSUE:  Accurate  field  data  are  needed  to 
characterize  fluid  motion  and  sediment- 
transport  properties  of  proposed  dredged  mate¬ 
rial  pl{K;ement  sites  for  site  designation  and 
for  later  site  monitoring.  Such  data  are  also 
required  to  verify  environmental  numerical 
simulation  models. 

RESEARCH :  Advances  in  the  field  of  high- 
frequency  acoustics  have  made  available  an 
assortment  of  instruments  using  sound  fre¬ 
quencies  that  allow  direct  observations  of 
fluid  and  sediment  motion  within  0.1  cm/sec. 
Parallel  advances  in  high-speed,  low-power 
integrated  electronics  enabled  the  contractor 
to  combine  these  instruments  and  their  con¬ 
trolling  circuitry  in  compact  battery-powered 
packages.  These  instrument  packages 
(ARMS)  were  contained  in  relatively  small 
pressure  housings  and  mounted  on  an  unobtru¬ 
sive  bottom-standing  tripod.  ARMS  was 
tested  in  open  water  as  part  of  a  dredging  proj¬ 
ect  and  proved  to  be  highly  accurate  and  reli¬ 
able.  The  ARMS  system  is  available  for  turn¬ 
key  use  by  Corps  field  offices. 


SUMMARY:  The  Instrumentation  Manual 
includes:  descriptions  of  the  sensors  and  the 
tripod  platform;  ARMS  control  and  signal¬ 
conditioning  circuitry;  and  power  control, 
hardware,  storage,  and  battery  considerations. 
The  appendices  contain  comprehensive  physi¬ 
cal  and  schematic  diagrams,  timing  schemes, 
and  the  software  codes. 

NOTE:  Deployment  techniques  for  ARMS 
were  described  in  the  Dredging  Research 
Technical  Note  DRP-1-05,  "Acoustic  Resus¬ 
pension  Measurement  System,"  April  1992. 

AVAILABILITY  OF  REPORT:  The  report 
is  available  through  the  Interlibrary  Loan  Ser¬ 
vice  from  the  U.S.  Army  Engineer  Waterways 
Experiment  Station  (W^)  Library,  telephtme 
number  (601)  634-2355.  National  Technical 
Information  Service  (NTIS)  report  numbers 
may  be  requested  from  WES  Librarians. 

To  purchase  a  copy  of  the  report,  call  NTIS  at 
(703)487-4780. 
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Preface 


This  study  was  conducted  at  the  Depaitmoit  of  Civil  Engineering,  the  Ohio 
State  University  (OSUCE),  under  contract  with  the  Coastal  Engiiteering 
Research  Center  (C^Q.  U.S.  Army  Engineer  Waterways  Experiment  Station 
(WES).  The  woric  described  herein  was  authorized  as  part  of  the  Dredging 
Research  Program  (DRP)  of  the  U.S.  Army  Corps  of  Engineers  (USACE)  and 
was  performed  imder  Work  Unit  32464,  "Measurement  of  Entrainment  and 
Transport  (Noncohesive  Sediments)."  Messrs.  Glenn  R.  Drummond,  Rixie  J. 
Hardy,  Vincent  Montante,  and  John  J.  Parez  were  DRP  Technical  Monitors 
from  Headquarters,  USACE.  Mr.  E.  Clark  McNair,  Jr.,  CERC,  is  Program 
Manager  (PM)  for  the  DRP,  and  Dr.  Lyndell  Z.  Hales  (CERC)  is 
Assistant  PM. 

This  study  was  perfonned  and  the  report  prepared  over  the  period 
1  December  1991  through  28  February  1992  by  Robert  E.  Van  Evra  111,  Senior 
Research  Scientist,  OSUCE,  under  the  supervision  of  Dr.  Keith  W.  Bedford, 
Professor,  OSUCE.  Assisting  in  preparation  of  the  report  were  Messrs.  Sean 
O’Neil,  Sumarto  Sulistio,  and  Jongkook  Lee,  Graduate  Research  Associates, 
OSUCE.  Dr.  Nicholas  C.  Kraus,  Senior  Scientist,  Research  Division  (RD), 
CERC,  was  the  Principal  Investigator  of  Work  Unit  32464  arui  provided 
review  of  the  report  Work  was  conducted  under  the  general  supervision  of 
Dr.  James  R.  Houston,  Director,  CERC;  Mr.  Charies  C.  Calhoun,  Jr.,  Assistant 
Director,  CERC;  and  Mr.  H.  Lee  Butler,  Chief,  RD,  CERC.  Ms.  Michelle  M. 
Thevenot  CERC,  edited  the  draft  report  submitted  from  OSUCE. 

At  the  time  of  publication  of  this  report  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 

Additional  information  can  be  obtained  from  Mr.  E.  Qark 
McNair,  Jr.,  DRP  Program  Manager,  at  (601)  634-2070. 


Conversion  Factors,  Non-Si 
to  Si  Units  of  Measurement 


Non-SI  units  of  measuiemoit  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


Multiply 

By 

To  Obtain 

dagrau*  (angla) 

0.01745329 

radians 

Fahranhsit  dagraes 

S/9 

Celsius  degrees  or  keivins* 

feet 

0.3048 

meters 

inches 

2.54 

centimelars 

ounces  (mass) 

28.34952 

grams 

pounds  (force)  per  square  inch 

6.894757 

kMopascals 

pounds  (mass) 

0.4535924 

Idfograms 

To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  readings,  use  the  following 
formula:  C  =  (5/9)  (F  -  32).  To  obtain  kelvin  (K)  readings,  use:  K  >  (5/9)  (F  -  32)  273.15. 

1  Introduction 


The  Dredging  Research  Program 

The  Dredging  Research  Program  (DRP)  is  a  major  research  and  develop¬ 
ment  program  initiated  by  the  Corps  of  Engineers  to  address  problems  arising 
in  the  performance  of  the  Corps’  dredging  mission  and  to  develop  improved 
technologies  to  reduce  the  costs  of  dredging  operations  (U.S.  Army  Corps  of 
Engineers  1988).  The  program  focuses  on  five  problem  areas.  Technical 
areas  1  and  2  deal  with  analysis  of  open-water  disposed  dredged  material  and 
material  properties  related  to  navigational  dredging,  respectively.  Technical 
areas  3,  4,  and  5  address  dredging  equipment  and  processes,  monitoring  vessel 
positioning,  and  management  of  dredging  projects,  respectively.  This  study  is 
a  part  of  DRP  Technical  Area  1. 


Goals  of  Technical  Area  1 

Technical  Area  1  of  the  DRP  is  designated  Analysis  of  Dredged  Mnterial  in 
Open  Waters.  The  following  is  a  list  of  its  goals: 

a.  Better  calculation  of  boundary  layer  properties  for  analyzing  behavior 
of  open-water  disposal  areas. 

b.  Acquisition  of  field  data  sets  for  use  in  improving  the  calculation  of 
boundary  layer  properties. 

c.  Improvement  of  computational  techniques  to  predict  the  short-and 
long-term  fate  of  dredged  material. 

d.  Collection  of  data  for  input  to  improved  simulation  methods  and  devel¬ 
opment  of  improved  site-monitoring  techniques. 

In  partial  fulfillment  of  these  goals,  the  Acoustic  Resuspension  Measure¬ 
ment  System  (ARMS)  has  been  designed  and  constructed.  The  ARMS 
employs  a  suite  of  ultrasonic  and  other  instruments  to  observe  near-bottom 
sediment  resuspension  and  transport  driven  by  waves  and  currents  at  open- 
water  disposal  sites.  Using  a  sophisticated  custom-designed  electronics  pack¬ 
age,  ARMS  processes  and  collects  the  field  data  necessary  to  unprove  the 
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understanding  of  boundary  layer  properties  and  develof^ent  methods  for 
simulating  and  monitoring  in  situ  benthic  boundary  layer  (BBL)  processes. 

The  entire  self-contained  ensemble  is  mounted  on  a  rapidly  deployable  tripod 
for  ease  of  use  under  the  wide  variety  of  field  conditions  and  available  support 
experienced  in  dredging  operations. 


Report  Goals  and  Content 

This  report  provides  a  description  of  the  various  BBL  measurement  require¬ 
ments,  as  well  as  a  detailed  description  of  the  instrumentation  and  electronics 
of  the  ARMS  package.  (Deployment  techniques  for  ARMS  were  described  in 
Dredging  Research  Technical  Note  DRP-l-OS,  "Acoustic  Resuspension  Mea¬ 
surement  System,"  April  1992.)  Qiapters  1  and  2  address  the  objectives  of  the 
DRP  and  the  requirements  of  the  instrumentation  used  to  meet  these  goals. 

The  individual  ARMS  sensors  and  their  tripod  platform  are  presented  in 
Chapters  3,  4,  and  5.  Chapters  6  and  7  describe  the  ARMS  control  and  signal 
conditioning  circuitry,  and  Chapters  8-1 1  deal  with  the  power  control,  hard¬ 
ware,  storage,  and  battery  considerations,  respectiv-'ly. 

Appendix  A  is  a  comprehensive  set  of  physical  diagrams.  Appendix  B  is 
made  up  of  schematic  diagrams,  timing  schemes  are  provided  in  Appendix  C, 
and  the  software  code  is  provided  in  Appendix  D. 
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2  Instrument  Requirements 


Overview 

In  order  to  investigate  bottom  boundary  layer  conditions  thoroughly,  an 
instnunent  array  must  be  able  to  observe  all  of  the  related  parameters  very 
closely.  Unfortunately,  the  scale  of  some  of  the  phenomena  involved  is  so 
small  that  the  physical  intrusion  of  any  solid  probe  into  the  measured  volume 
will  alter  the  local  hydrodynamic  conditions.  This  is  enough  to  invalidate  an 
assumption  that  the  probe  is  measuring  undisturbed,  naturally  occurring 
conditions. 

There  are  parameters  that  can  be  measured  with  probes.  Smne  measure 
background  conditions  that  do  not  vary  af^reciably  within  the  study  area. 
Other  probes  can  be  deployed  remotely  enough,  yet  yield  quantifiable  repre¬ 
sentations  of  the  ambient  conditions  on  the  bottom.  Probes  pass  a  crucial  test 
of  utility  if  they  do  not  impede  the  parameter  that  they  are  being  used  to 
measure. 

One  method  of  observing  a  remote  area  of  seafloor  is  with  the  use  of  light. 
Optical  instruments  have  been  used  for  years  to  characterize  some  of  the 
parameters  associated  with  boundary  layer  activity.  However,  most  of  these 
make  measurements  within  close  proximity  of  the  instrument  itself,  not  allow¬ 
ing  the  local  flow  field  to  remain  unaltered.  Using  light  to  measure  values 
farther  away  from  the  instrument  is  sometimes  possible,  but  the  amount  of 
suspended  sediment  in  the  water  column  during  strong  turbulent  episodes  is 
usually  high  enough  to  prevent  light  from  penetrating  far  enough  to  consis¬ 
tently  reach  all  points  being  studied. 

Using  sound  to  gather  information  about  underwater  conditions  is  a  more 
effective  process.  Sound  can  travel  much  farther  through  water  than  light 
before  it  is  significantly  absorbed/dissipated,  depending  on  the  frequency  used. 
Sound  is  also  reflected  by  suspended  sediment  particles.  The  advantage  of 
sound,  however,  is  that  its  slower  velocity  makes  it  possible  to  determine  the 
position  of  objects  relative  to  the  source/receiver,  by  measuring  the  two-way 
travel  lime.  Sonar  has  been  in  use  for  over  50  years,  originally  by  the  Navy 
for  use  in  detennining  range  between  vessels.  More  recently,  advances  in 
electronics  and  transducer  technology  have  allowed  the  evolution  of  sonar  into 
various  active  and  passive  applications  that  yield  even  more  information 
through  digital  processing  of  the  acoustic  signals. 
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The  same  properties  that  make  sound  useful  in  large-scale  applications  like 
sonar  have  inspired  the  development  of  electronics  and  transducers  that  utilize 
the  small-scale  behavior  of  high  frequencies.  These  high  frequencies  are 
greatly  attenuated  by  water  and  are  not  useful  over  long  distances,  but  over 
short  ranges  they  may  yield  extremely  detailed  infonnation  about  minute  varia¬ 
tions  in  certain  variables,  such  as  suspended  sediment  and  water  velocities. 
These  characteristics  are  the  key  to  the  development  and  use  of  instruments 
that  can  measure  the  micro-scale  interactions  of  water  and  sediment  occurring 
at  the  bottom  boundary  layer  without  physically  being  close  eirough  to  inter¬ 
fere  with  ambient  conditions. 


Necessary  Boundary  Layer  Measurements 

In  this  section  the  background  requirements  of  an  instrument  array  used  to 
measure  entrainment  are  discussed. 


Suspended  sediment 

In  field  conditions,  depending  on  the  amount  of  energy  being  imparted  to 
the  area  from  wind,  waves,  and  currents,  there  is  a  varying  amount  of  sediment 
that  is  being  resuspended  into  the  water  column  off  the  seafloor.  The  manner 
in  which  this  occurs  determines  the  physical  transport  of  bottom  material  at  the 
site.  Attempts  to  characterize  the  mechanisms  of  this  process  will  benefit 
greatly  from  the  quantification  of  the  dimensional  and  temporal  orientation  of 
the  particles  themselves,  since  the  sediments  are  the  focus  of  concern  for 
dredging  researchers.  The  best  possible  scenario  for  an  instrument  solution  is 
a  device  that  can  measure  multiple  characteristics  of  the  suspended  sediment 
simultaneously. 

To  observe  the  time  history  accurately,  the  instrument  must  sample  rapidly 
enough  to  capture  all  of  the  small  and  complex  motions  occurring.  The 
Nyquist  frequency  of  the  required  sampling  to  statistically  identify  temporal 
variations  is  twice  that  of  the  varying  parameter  itself.  Since  sediment  concen¬ 
trations  in  the  bottom  boundary  layer  may  vary  on  the  order  of  seconds  (Bed¬ 
ford  and  Abdelrhman,  1987),  a  device  must  sample  on  the  order  of  1-5  Hz, 
depending  on  the  temporal  resolution  desired. 

The  spatial  distribution  of  suspended  sediment  is  critical  to  its  availability 
for  movement  both  vertically  and  horizontally.  The  small-scale  structure 
occurring  right  at  the  bottom  is  especially  important  to  what  happens  to  the 
sediment  higher  in  the  water  column.  To  see  the  fine  structures  in  both  cases, 
a  remote  instrument  must  be  able  to  measure  variations  within  a  centimeter 
(Bedford  and  Abdelrhman,  1987).  Again,  high-frequency  sound  has  wave¬ 
lengths  small  enough  to  effectively  sample  and  differentiate  in  this  scale. 

Sediment  properties  other  than  motion  are  also  important.  The  amount  of 
sediment  at  each  of  these  locations  at  every  sampling  interval  is  basic  to 
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understanding  the  total  mass  transpoft  occurring  at  a  BBL  site.  Important 
hydrodyiuunic  infonnation  can  be  obtained  from  the  grain  size  distribution  of 
s^iment  particles,  their  mobility,  settling  velocity,  and  other  associated  attrib¬ 
utes  such  as  surface  reflectivity  and  composition. 


Velocities 

The  motion  of  the  sediment  particles  into  the  water  column  may  also  be 
investigated  by  observing  the  motion  of  the  water  that  suspends  them.  Know¬ 
ing  the  motion  of  the  water  mass  above  a  studied  area  of  bottom  sediment  is 
Amdamental  to  representing  the  hydrodynamics  at  woilc  even  during  the  short¬ 
est  period  of  time,  down  to  the  slightest  movement  In  order  to  record 
motions,  velocity  readings  must  be  both  highly  accurate,  with  resolutions  down 
to  tenths  of  a  centimeter  per  second,  and  taken  rapidly  in  time  to  capture  sub¬ 
tle,  yet  important  variations  over  small  scales.  Again,  sampling  rates  in  the 
1-  to  S-Hz  range  are  needed  to  observe  the  time  scale  of  variations  occurring 
in  most  boundary  layer  environments. 

The  importance  of  three-dimensional  measurements  cannot  be  overempha¬ 
sized,  since  motion  in  any  direction  in  a  fluid  medium  is  possible.  Also,  the 
availability  of  velocity  readings  from  more  than  one  point  will  assist  in  recon¬ 
structing  overall  laiger-scale  patterns  occurring  at  the  site.  Since  a  solid  probe 
caruiot  be  placed  in  a  flow  field  without  causing  a  disturbance  in  the  motion  of 
water  and  particles,  and  since  accounting  for  the  disturbance  in  the  data  gener¬ 
ated  would  be  difficult,  a  remote  method  for  measuring  velocities  is  ideal. 


■  Pressure 

The  motions  of  the  water  mass  ate  ultimately  driven  by  larger  forces  at  the 
site,  such  as  waves  and  currents.  While  velocity  instrumentation  operated  at 
1-  to  5-Hz  sampling  rates  with  resolutions  down  to  tenths  of  a  centimeter  per 
second  will  have  no  trouble  discerning  any  larger-scale  current  activity  in  the 
area,  it  is  difficult  to  use  wave-induced  velocity  variations  at  the  bottom  by 
themselves  to  back-calculate  and  infer  surface  wave  conditions. 

A  hydraulic  pressure  reading  taken  in  a  geometrically  significant  position 
with  relation  to  simultaneous  velocity  readings  will  help  in  resolving  at  least 
crest-to-trough  pressure  variations  and,  if  sampled  as  frequently  as  the  velocity, 
should  help  in  differentiating  wavelengths  (and  even  possibly  the  shape  of  each 
wave).  A  fast-response  sensor  that  can  differentiate  1-2  cm  of  water  pressure 
would  be  adequate.  With  even  less  resolution,  as  long  as  it  is  sampled  in  a 
1-  to  S-Hz  range,  pressure  readings  will  enhaiKe  other  data  as  well  as  yield 
their  own  important  information. 
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Temperature 


Temperature  variation  can  be  used  to  determine  many  diaracteristics  of  the 
study  site.  For  example,  it  can  help  discern  transient  coherent  packets  of  water 
or  the  effects  of  day  and  night  variations  at  the  site.  Fortunately,  due  to  the 
high  thermal  conductivity  of  water,  temperature  does  not  tend  to  vary  on  the 
extremely  small  temporal  and  spatial  scales  that  sediment  concentration  and 
velocity  do,  so  it  is  not  necessary  to  insert  a  temperature  probe  into  the  middle 
of  a  flow  field  to  infer  the  local  temperature.  Taken  in  die  area,  however,  a 
temperature  record  will  help  detennine  local  hydrostatic  conditions  such  as 
density  and  speed  of  sound. 


Desired  Associated  Measurements 

This  section  provides  a  description  of  other  parameters  related  to  the  water 
column  activity  at  a  field  site  that  will  be  useful  (but  not  required)  in  assisting 
interpretation  of  the  hydrodynamic  environment  there. 


Bottom  topography 

To  keep  an  instrument  array  oper^ing  in  a  pertinent  manner,  it  is  desirable 
to  obtain  as  much  information  about  the  peripheral  environment  around  the 
study  area.  Knowledge  of  the  local  bottom  topography  will  initially  help 
determine  the  suitability  of  an  area  for  study,  especially  if  the  goal  is  to  find  a 
site  with  a  flat,  unifonn  bottom  where  data  acquired  would  be  uncomplicated 
by  obstructed  flow  patterns.  If  the  site  is  in  an  area  of  irregular  bottom  topog¬ 
raphy,  having  bathymetric  information  from  the  area  will  be  very  helpful  in 
assisting  the  processing  of  all  boundary  layer  data  obtained. 

The  very  important  relationship  to  be  established  is  the  position  of  the 
instrument  array  with  respect  to  the  local  bottom  topography.  This  information 
is  fundamental  to  the  proper  interpretation  of  observations  by  the  other  instru¬ 
mentation  at  the  field  site.  Over  small  scales,  the  exact  bottom  slope  is  a 
direct  input  into  the  boundary  layer  solutions  of  hydrodynamic  activity.  The 
slope,  as  well  as  its  compass  orientation,  will  assist  in  verifying  the  exact 
attitude  of  the  instruments  relative  to  the  physical  layout  of  the  study  site. 


Bottom  conditions 

In  understanding  the  resuspension  being  observed  by  field  instrumentation, 
it  is  helpful  to  know  the  physical  nature  of  the  bottom.  As  mentioned  before, 
grain  size  data  are  very  important  to  understanding  the  sediment,  but  they  can 
also  be  helpful  in  quantifying  how  thoroughly  the  sediments  are  compressed  or 
if  there  is  any  nonhomogeneity  in  the  vertical  cross  section.  This,  as  well  as 
information  about  any  bottom  features  such  as  ripples,  can  help  establish  the 
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bottom’s  erodibility,  which  makes  all  of  the  hydfodynamic  data  collected  ulti- 
mtttely  more  valuaUe. 


Large-scale  hydrodynamics 

The  velocity  infonnation  taken  at  the  site  will  yield  data  revealing  magni¬ 
tudes  and  directions  of  the  predominant  currents.  It  is  desirable  to  associate 
these  readings  with  larger-scale  activity.  Tidal  cycles,  offshore  eddies,  and 
internal  waves  can  all  influence  the  lo^  velocity  distribution  through  the 
water  column.  Although  the  field  instruments  may  collect  data  that  infer  their 
effects,  any  supplemental  information  concerning  these  larger-scale  phenomoia 
will  help  determine  their  significance  to  boundary  layer  occurrences. 


Surface  activity 

Although  pressure  and  velocity  instrumentation  yield  the  necessary  data 
corKeming  the  boundary  layer  effects  of  surface  waves  and  their  magnitude 
and  periodicity,  any  available  corroborating  information  about  the  speed,  direc¬ 
tion,  period,  and  hei^t  of  each  set  of  surface  waves  will  assist  in  the  reduction 
of  the  field  data.  Observations  of  local  wind  speed  and  direction  and  associ¬ 
ated  air  temperature  and  barometric  pressure  will  also  be  of  possible  value  in 
understanding  shear  stress  effects  at  the  sea  surface. 
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Acoustic  Concentration  Profiier 

To  obtain  high  speed/high  resolution  numerical  data  on  die  vertical  sus¬ 
pended  sediment  concentration  profile,  a  device  called  the  acoustic  concen¬ 
tration  profiler  (AGP),  or  piofilom^r.  has  been  developed  by  the  Coastal 
Engineering  Laboratory  at  the  Ohio  State  University.  This  device  was  origi¬ 
nally  designed  as  the  Model  563  high-resolution  depth  sounder  by  the  Edo 
Corporation,  Western  Division,  of  Salt  Lake  Qty,  UT  (Edo  Corporatirm  1981). 
The  version  used  in  the  ARMS  system  has  been  modified  to  improve  per¬ 
formance  in  the  near  field  of  the  transducer.  By  using  a  special  diamond¬ 
shaped  transducer,  the  manufacturers  were  aUe  to  significandy  reduce  its  side 
lobes  while  also  narrowing  the  main  beam.  This  makes  the  instrument  both 
very  responsive  and  able  to  insraiify  a  small  enough  cross  section  of  the  water 
column  to  allow  range-gated  reflectivity  measurements  over  volumetric  bins  of 
statistically  suitaUe  size  for  the  study  of  hydrodynamic  motion  of  entrained 
sediment 

In  dK  range  of  the  3-MHz  sound  source,  the  resulting  acoustic  reflections 
off  individual  suspended  sediment  particles  are  strong  enough  to  be  detected 
by  the  transducer  (Figure  1).  By  rapidly  switching  the  transducer  over  to  an 
electronic  receiver  circuit  after  it  has  transmitted  an  acoustic  pulse,  die  instru¬ 
ment  becomes  an  extremely  sensitive  hydrophone,  piddng  up  and  amplifying 
the  series  of  reflected  signals  from  locations  along  the  profile.  The  received 
signals  are  amplified,  processed,  and  stored  by  the  AR^  circuitry  to  later  be 
converted  into  actual  concentratirHi  profile  data.  The  following  statistical  and 
acoustic  considerations  of  the  data  conversion  process  are  covered  comfdetely 
in  Libicki,  Bedford,  and  Lynch  (1989). 
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Figure  1 .  ACP  conceptual  diagram 

ACP  concept 

The  received  acoustic  backscatter  intensity,  firom  a  field  of  particles  located 
at  distance  z  from  the  transducer,  at  time  t  is  given  by  single  scattering 
theory  as 


Chaplar3  ARMS  kwtrumanWion 


9 


(1) 


A(Z./) 


where 


N  *  F(z, 
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N  =  intensity  of  additive  noise 

F  =  response  function  of  the  instniment.  at  ambient  temperature  T,  and 
pressure 

T  =  ambient  temperature 

P  =  pressure 

n  =  number  of  scatterers  of  radius  a,-  and  backscatter  function  it,  in  the 
sampling  volume 

<i|  =  radius 

it/  =  backscatter  function 

=  coefficieiu  of  attenuation  due  to  scatterers  (attenuation  due  to  the 
medium  is  handled  by  adjustments  to  F) 

^  s  ensonified  volume 


Equation  1  is  basically  the  sonar  equation  with  all  effects  not  specifically 
related  to  the  scatterers  grouped  together  as  F .  Under  the  summation  is  the 
target  strength  of  the  scattering  field,  with  energy  returned  to  the  transducer 
being  pn^rtional  to  the  number  of  scatterers  in  each  size  class  i .  Finally, 
attenuation  due  to  these  facton  causes  energy  to  be  dissipated  at  a  rate  pn^wr- 
tional  to  the  number  of  scatterers  in  each  size  class,  but  with  a  proportionality 
constant  distinct  from  that  rqrpropriate  to  backscatter. 


Under  the  assumption  that  the  size  distribution  and  backscatter  function  are 
effectively  invariant  in  time  and  space  (see  Libicki,  Bedford,  and  Lynch  (1989) 
for  a  full  discussion  of  the  implications  of  such  an  assumption),  and  only  the 
total  concentration  C  varies,  the  following  transformation  can  be  made: 

F(2jJ>)Yn{.i,z4)%a‘f  ->  (2) 


where  R  is  related  to  F  by  a  constant  factor,  which  depends  upon  die  actual 
scattering  population,  and  C  is  an  unlmown  function  to  be  determined. 
Equation  1  is  then  solved  for  C  to  obtain 


C(z,r)  = 


{Hzj)-N )  X  exp(J'4a,(^,r)4) 

R{zJJ>) 


(3) 
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The  response  function  R  is  detennined  to  within  a  constant  factor,  by  acous¬ 
tic  modeling  and  instnunent  calibration.  The  scaling  of  R  is  detennined  by 
comparing  the  concentration  in  a  water  sample  taken  at  a  known  height  with 
the  received  signal  at  that  height  and  time.  The  value  of  the  additive  noise  N 
is  determined  by  Tisten  interval"  experiments  done  during  the  ACP  testing  and 
evaluation  process. 


Physical  characteristics 

The  profilometer  electronics,  connectors,  and  transducer  are  housed  in  a 
cylindrical  (12-in.  by  4-in.  radius)^  stainless  steel  pressure  container  designed 
to  withstand  external  hydrostatic  pressures  of  more  than  3,(XX)  psi.  Two 
0-iing  sealed  end  caps  are  secur^  by  eight  hex  screws  driven  into  holes 
tapped  in  the  matching  faces  of  the  cylinder’s  flanged  ends.  One  end  cap  has 
the  acoustic  transducer  mounted  into  its  external  face.  The  other  end  cap 
holds  the  electronic  circuitry  chassis  on  its  internal  side  and  a  10-pin  uiKler- 
water  electrical  bulkhead  connector  (that  carries  power  to  and  signals  from  the 
profilometer)  is  mounted  on  the  external  face. 

Access  into  the  profilometer  housing  for  inspection  or  repair  of  its  contents 
is  made  by  first  removing  the  four  screws  holding  the  transducer  cap,  then 
careiiilly  pulling  it  an  inch  or  two  away  from  the  housing.  The  BNC  coaxial 
cable  connector  to  the  transducer  may  then  be  unfastened,  allowing  the 
removal  of  the  other  end  cap  and  the  attached  internal  electronics  chassis.  The 
chassis  holds  three  epoxy  glass  circuit  boards,  two  of  them  printed  with  the 
transmitter  and  receiver  circuits,  and  their  components,  respectively,  and  the 
third  left  blank  for  circuitry  additions  and/or  modifications.  Great  care  must 
be  taken  not  to  damage  the  0-ring  seals,  internal  electronics,  or  the  transducer 
face,  with  the  latter  requiring  extra  caution  to  avoid  contact  with  greases,  oils, 
or  solvents  that  may  degrade  the  rubber  potting  compound.  Physical  drawings 
and  layout  diagrams  are  included  in  Appendix  A. 


Electronic  characteristics 

The  profilometer  (Figure  2)  passes  all  electrical  connections  to  the  ARMS 
control  circuitry  via  an  underwater  cable  attached  to  its  bulkhead  connector.  It 
requires  an  externally  supplied  ±15  volts  direct  current  (VDC),  and  400  mA,  to 
activate  its  circuitry.  A  S-VDC  key  pulse  provided  by  the  ARMS  microcon¬ 
troller  signals  the  transmitter,  which  sends  a  35- W,  10-psec,  3-MHz  tone  burst 
out  through  the  transducer.  The  transducer  is  then  immediately  switched  into  a 
receive  circuit,  which  internally  amplifies  and  processes  the  returning  pulse 
echoes  into  a  corresponding  0-  to  5-VDC  linear  output.  This  signal  is  wired 
back  to  the  ARMS  circuitry  where  it  is  converted  into  digital  information  and 
stored.  Transducer  performance  data  are  listed  in  Table  1. 


^  A  table  of  factors  for  converting  non-SI  units  of  nwasurement  to  SI  units  is  presented  on  page  x. 
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Figure  2.  ACP  electronic  characteristics 


Table  1 

ACP  Transducer  Data 

1  EMctaney  (min.) 

30 

Outv  cycle  (max.) 

10% 

Powrar  input  (max.) 

2W 

Beam  wMh  at  -3  dB 

1*±0.5* 

Source  leuel  (approx.) 

105  dB 

Skie  tobasMiain  lobe 

-13  dB 

Receiving  rosportse 

-98  dB 

OireciMty  index 

45  dB 

1  Maximum  pressure 

500  pei 

1  Weight 

1  R> 

The  profilometer  can  be  keyed  up  to  200  times  a  second  with  full  transmit¬ 
ter  output  To  conserve  battery  power,  thou^,  it  is  best  to  empirically  deter¬ 
mine  the  ideal  repetition  rates  of  the  profiling  function.  Neutralization  of  high 
frequency  configurational  noise  (Libicki,  Bedford,  and  Lynch  1989)  is  accom- 
(di^ied  by  triggering  the  ACP  multiple  times  over  each  desired  sampling 
interval  ensemUe  averaging  the  mdividual  profiles  bin  by  bia  Both  the 
sampling  interval  nod  the  averaging  scheme  are  software  assignable  and  can  be 
adjusted  to  provide  optimal  measurement  in  conditions  of  widely  ranging 
magnitude. 

The  receiver  circuit’s  sensitivity  is  controllaUe  by  flying  a  0-  to 
15-VDC  level  to  the  profilometer’s  external  gain  line.  In  die  ARMS  ensemble, 
the  gain  voltage  is  si^ied  by  a  Digital  to  Analog  (D/A)  converter  under 
machine  control.  Through  onboard  interpretation  of  the  statistical  distributions 
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of  digitized  values  from  the  echo  returns,  pre-e^abiished  protocols  pro¬ 
grammed  into  the  (^ratimial  software  prevent  the  instnunent  readinp  from 
saturating  by  approfuiately  adjusting  the  gain  voltage.  Keeping  die  signals  in 
the  statistically  significmit  range  guarantees  aibsequem  conversion  of  the  data 
into  reliaUe  sediment  concentration  infonnadcm. 

The  manufacturer-supfdied  time  variaUe  gain  (TVG)  circuit  is  disabled  in 
the  ARMS  ACP.  Althougft  it  is  intended  to  cmnpoisate  for  distance-ftom- 
transducer  effects  on  return  signal  strei^fti,  the  TVG  is  not  desirable  in  die 
ARMS  conftguradon,  because  a  more  accurate  treatment  of  the  distance  effects 
can  be  easily  perfonned  on  the  raw  data  during  later  data  reduction  and  con¬ 
version.  Another  optional  control  is  a  listen-inteival  circuit  Installed  at  the 
Ohio  State  University  Department  of  Gvil  Engineering,  the  circuit  occasionally 
puts  the  transducer  into  the  receive  mode  without  trananitting  the  3-MHz  tone 
burst  It  was  used  in  preliminary  tests  to  determine  the  background  noise 
environment  in  the  profilometer’s  frequency  range.  The  circuit  was  disaUed 
in  place  after  proving  that  due  to  attenuation,  these  background  levels  were 
insignificandy  small  compared  to  the  echoes  from  the  active  pinging.  A  sum¬ 
mary  of  the  electronic  specifications  is  found  in  Table  2.  Detailed  electronic 
schematics  and  wiring  diagrams  are  included  in  Appendices  B  and  C. 


Table  2 

ACP  Electronics  Specifications 

Operating  fraquancy 

3  MHz 

Pulsa  width 

lOpsec 

Powar  output 

1  watt 

Typical  range 

30  It 

Keying: 

External 

Positive  pulse,  TTL  compatible 

Internal 

200  pulses  per  second 

Output  level 

TTL  compatible  positive  pulsa 

Input  powar 

±  15  VDC  at  SO  mA  maximum 

Data  processing 

The  complex  set  of  considerations  pertinent  to  the  conversion  of  the  acous¬ 
tic  reflection  data  into  representative  sediment  concentration  profiles  is  covered 
in  Libicki,  Bedford,  and  Lynch  (1989).  The  considerations  include  calibrative 
allowances  for  parameters  such  as  ambient  temperature,  total  suspended  mass, 
grain  size  distributions,  and  ^ed  of  sound.  As  mentioned  previously,  all 
available  measurements  of  th^  values  will  gready  assist  in  the  data  conver¬ 
sion  procedure. 
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Acoustic  Velocimeter 


Muldide  three-dimoisional  measuranents  of  velocities  at  discrete  points  in 
the  veiti^  water  column  are  needed  to  apply  models  for  estimating  Reynolds 
stresses  and  turbulent  kiiKtic  energies  there.  To  detect  small,  turbulence-scale 
velocity  fluctuations,  non-intnisive  methods  must  be  emfdoyed  to  prevent 
introduction  of  flow  disturbatKXS.  For  that  purpose.  Woods  Hole  Oceano¬ 
graphic  Institution  scientists  developed  the  ^nthic  Acoustic  Stress  Sensor 
(BASS)  (Williams  1990). 


Physical  characteristics 

The  BASS  incorporates  the  differential  time  of  travel  of  high-frequency 
souTKl  caused  by  its  propagation  along  a  moving  medium.  Technological 
achievements  such  as  high-speed  12-bit  A/D  converter  chips,  microprocessors, 
and  high-frequency  acoustic  transducers  provided  the  capability  to  quantify  and 
record  over  these  minute  amounts  of  time.  The  result  is  an  instrument  that  can 
make  the  dozens  of  readings,  conversions,  and  calculations  per  second  needed 
to  trigger  and  interrogate  a  geometric  array  of  acoustic  sensors  fast  and  accu¬ 
rately  enough  to  provide  the  desired  information. 

The  BASS  transducers  are  mounted  mi  a  cylindrical  stainless  steel  frame 
called  a  cage  (Figure  3)  with  four  pairs  oriented  90  deg  apart  around  the  inner 
edge  of  two  vertically  separated  mounting  rings.  Each  transducer  is  tilted 
45  deg  from  the  vertical  to  point  at  the  transducer  opposite  it  on  the  other  ring. 
The  axes  of  the  four  pairs  are  coincident  at  the  midpoint  of  the  open  cylindri¬ 
cal  volume  created  by  the  two  mounting  rings.  The  components  of  velocity 
mea^red  along  these  four  vectors  are  input  into  a  trigonometric  solution  for 
corresponding  velocity  components  in  the  X,  Y,  and  Z  directions.  The  BASS 
cage  is  reinforced  by  two  additional  outer  coupling  rings  attached  by  flne  wire 
struts  to  the  sensor  assembly.  The  cages  are  bolted  together  end  to  end  to 
form  a  vertical  column  of  four  cages,  providing  four  evenly  spaced  locations 
for  precise,  unimpeded,  three-dimensional  flow  measurements. 

The  BASS  sensors  are  precisely  aimed  and  aligned  along  the  mounting 
rings  of  the  cages.  Even  though  the  cages  are  quite  sturdy,  care  must  be  taken 
to  avoid  stresses  that  could  cause  their  deformation.  Like  the  profilometer 
transducer,  the  faces  of  the  BASS  transducers  must  be  kept  clean  and  oil  free 
to  preserve  their  integrity.  Tap  water  used  for  calibration  and  testing  in  the 
laboratory  must  first  be  allowed  to  stand  for  24-48  hr  to  dissipate  cMorine  that 
could  so^n  the  potting  shells. 

The  tiny  2-pin  cormectors  that  att^h  each  transducer  to  its  coaxial  cable 
have  internal  fixed  0-ring  seals,  and  these  should  be  calde-tied  circumfer¬ 
entially  on  either  side  of  the  flexible  seal  to  assure  strong  water-tight  connec¬ 
tions.  The  eight  coaxial  cables  from  each  sensor  cage  are  tied  individually 
along  the  cage  struts  to  secure  and  immobilize  them.  The  cables  from  each 
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cage  are  wrapped  together  in  a 
bundle  with  spiral-wrap  PVC 
sheathing  that  protects  their  insu- 
laticHi  jackets  from  abrasion,  and 
inamobilizes  them  with  respect  to 
each  other  for  reduction  of  drift¬ 
ing  capacitive  offsets  between 
their  individual  conductors.  The 
sheathing  also  makes  each  bundle 
easier  to  handle  and  secure  in  the 
field,  and  it  relieves  some  of  the 
strain  at  the  junction  of  the 
cables  and  the  potting  material 
that  joins  them  to  the  10-pin 
bulkhead  connector.  Care  must 
be  taken  in  mating  these  connec¬ 
tors  to  prevent  bending  the  deli¬ 
cate  pins  of  the  receptacle.  All 
O-rings  must  be  kept  clean  and 
free  of  abrasions  to  preserve  their 
underwater  sealing  performance. 


Figure  3.  BASS  cage 


Electronic  characteristics 

The  sensors  of  the  four  BASS  cages  of  the  ARMS  system  are  interrogated 
by  a  microprocessor-driven  circuitry  package  that  the  manufacturer,  Oceano¬ 
graphic  Instrument  Systems,  supplied  in  a  3,000-psi  pressure  case  outfitted 
with  end  ctq)  bulkhead  connectors  to  feed  and  read  the  1.7S-MHz  acoustic 
pulses  through  individual  coaxial  cables.  The  electronics  chassis  fastened  to 
the  connector  end  cap  holds  the  system’s  printed  circuit  boards  in  edge  con¬ 
nectors  wired  together  as  a  backplane.  There  is  a  pair  of  receiver  and  trans¬ 
mitter  boards  for  each  of  the  four  BASS  cages,  along  with  three  timing  boards, 
and  a  microprocessor  board,  for  a  total  of  eleven  boards.  The  board  and  chas¬ 
sis  layouts  appear  in  Appendix  A. 

The  microcomputer  used  in  BASS  is  a  6303-based  system  by  Onset  Com¬ 
puter  called  the  Tattletale  V  (Onset  1989).  The  Tattletade  is  programmed  in 
TT  BASIC,  a  special  version  of  BASIC,  with  a  personal  computer  (PQ 
hooked  up  to  a  4-pin  telephone  jack.  The  operational  software  is  stored  in 
electronically  eraseable/programmable  read-only  memory,  or  EEPROM,  for 
non-volatility  under  less  than  optimal  field  conditions.  The  small  Tattletale 
board  (Figure  4)  is  piggybacked  onto  the  microprocessor  board  and  may  be 
disconnected  to  isolate  its  performance  from  that  of  the  BASS  system.  The 
Tattletale  board  requires  a  9-VDC  (battery)  power  supply.  Programming  of 
the  Tattletale  requires  an  external  device  (dubbed  "Romulator"  by  the  manufac¬ 
turer)  to  provide  the  necessary  signals  and  voltage  levels. 
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Figure  4.  Tattletale  V 

The  entile  BASS  package  is  supplied  by  a  -t-24-VDC  battery  source, 
switched  on  as  necessary  by  the  ARMS  power  control  circuitry.  The  only 
other  lines  provided  external  to  the  instrument  are  ground  and  serial  data  out. 
Inside  ^  pressure  housing,  however,  all  of  the  BASS  wiring  is  accessible. 
This  can  be  exploited  since  there  is  enough  spare  room  inside  the  BASS  pres¬ 
sure  housing  to  hold  the  ARMS  control  circuitry  on  a  chassis  fastened  to  the 
opposite  end  C2^,  as  seen  in  Figure  S.  With  both  in  the  same  case,  all  connec¬ 
tions  between  the  ARMS  and  BASS  microprocessors  are  short  and  internal, 
reducing  noise  and  the  probability  of  disruption  in  the  field. 


C 

c 

c 


Figure  5.  BASS  and  ARMS  chassis  in  place 

The  progranunability  of  the  Tattletale  allows  the  BASS  to  be  configured 
into  many  operational  schemes.  The  entire  array  of  four  sensor  cages  can  be 
sampled  at  up  to  5  Hz,  which  will  c^tute  enough  data  to  numerate  most  of 
the  inertial  subrange  velocity  fluctuations  occurring  at  each.  The  programs 
also  have  the  ability  to  keep  a  time  dock  and  to  include  el^sed  time  in  the 
data  output  for  double-checking  instrument  synchronization  later.  The  data 
stream  is  sent  out  from  a  9,600-baud,  0-  to  S-V  Universal  Asynchronous 
Receiver  Transmitter  (UART)  directly  to  the  ARMS  microcontroller,  the 
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format  of  which  may  be  modified  by  changing  parameters  in  the  TT  BASIC 
software,  hi  most  BASS  programs  written  for  use  with  ARMS  in  the  field,  the 
time  clock  and  samfding  commence  immediately  upon  powering  up  to  remove 
the  need  for  control  lines  and  to  ensure  proper  reinitiatkm  subsequent  to  any 
planned  or  unplanned  temporary  power  disniption.  All  electronic  and  wiring 
schematics  are  shown  in  Appendices  B  and  C. 


Data  prooeaaing 

The  BASS  electronics  are  laboratory  calibrated  to  provide  high-precision 
conversion  of  the  propagation  delays  into  corre^ndingly  accurate  velocity 
readings.  BASS  data  output  is  in  the  form  of  four-bit  hexadecimal  bytes,  four 
from  each  cage,  that  describe  the  velocities  along  the  lines  formed  by  each  pair 
of  transducers. 

The  form  of  the  velocity  component  data  values,  centered  around  0000, 
ranges  from  +4,095  bits  (or  OFFF)  to  -4,096  bits  (or  FOOO)  which  correspond 
to  +120  and  -120  cm/sec,  respectively.  Each  bit  represents  a  0.03-cm/sec 
increment  in  magnitude,  and  vector  direction  is  described  by  the  first  hexa¬ 
decimal  character  of  each  byte.  The  BASS  electronics  are  programmed  to 
replace  a  velocity  reading  with  a  hex  8000  (which  is  far  out  of  the  range  of 
possible  readings)  to  flag  a  missed  measurement  to  prevent  incorrect  interpreta¬ 
tion  as  a  velocity  value. 

The  four  vector  velocity  components  are  converted  into  components  in  the 
X,  Y,  and  Z  directions  (Figure  6)  by  applying  the  measured  values  to  a  set  of 
right-hand  rule  trigonometric  equations  to  obtain  u,  v,  and  w  velocities,  respec¬ 
tively.  Multi[dying  the  differences  in  vector  contributions  between  the  A,  B, 

C,  and  D  trarisducer  pairs  with  the  sine  and  cosine  components  of  the  bit- 


velocity  unit  of  0.02931  cm/sec,  the  equations  become: 

u  =  0.0207  -D  *D„)  cm/sec  (4) 

V  =  0.0207  ♦(A -Ag-C+Cg)  cm/sec  (5) 

w  =  0.0207 *(A-Ag+C-Cg)  cmlsec,or  (6) 

w  =  0.0207  *(B-Bg+D-Dg)  cmlsec,or  (7) 

w  =  0.2070  ♦(A  -Ag  +B  -Bg  +C -Cg *D -D„)  cm/sec  (8) 
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The  zeroed  values  for  each 
transducer  pair,  which  may  differ 
from  true  0000  hex  due  to  die 
IxevkMisly  mentioned  ciqiiacitive 
configurations  eiqierienoed  in 
different  field  craidititms,  are 
figured  into  the  equadtxis.  The 
zeroes  are  obtained  at  the  begin¬ 
ning  (and  possiUy  the  end)  of 
each  deployment  by  dipping  the 
BASS  cage  array  (as  configured) 
into  still  water,  or  by  wrapping  it 
with  celloi^iane  and  sulxneiging 
it,  to  perform  several  minutes  of 
velocity-free  calibratioiL  Unless 
the  system  is  removed  from  the 
ARMS  instrument  tripod,  the 
zeroes  remain  valid  for  the  entire 
dejdoyment  Physical  and  timing 
diagrams  as  well  as  electronic 
schematics  can  be  found  in 
Appendices  A,  B,  and  C. 


Pressure  Sensor 

Hydrodynamic  pressure  history  over  an  ARMS  data  collection  deployment 
is  recorded  using  a  pressure  sensor,  a  resistive  piezo-amplified  transducer. 
Model  ST-420,  by  Wika  Instrument  Corporation  of  Lawrenceville,  GA  (Wika 
Instrumoit  Corporation  1989).  This  device’s  linearity  and  accuracy  are  opti¬ 
mal  (Table  3)  for  the  intended  deployments.  The  accuracy  of  the  ST-420 
model  is  a  percentage  of  full  scale,  so  the  pressure  range  version  should  be 
matched  to  the  required  triplication  for  best  performance  (Table  4).  However, 
the  accuracy  of  each  version  always  is  finer  than  the  desired  level  of  digital 
resolution,  which  in  shallower  areas,  is  on  the  order  of  2  cm  of  freshwater 
equivalent 

The  ST-420’s  piezoresistive  element  is  protected  from  the  wetted  pressure 
port  by  a  stainless  steel  diaphragm  and  an  intermediate  isolating  filling  that 
enhances  its  long-term  physical  integrity.  The  transducer’s  amplifier  electron¬ 
ics,  that  boost  its  output  to  0-5  VDC  over  its  pressure  range,  are  encapsulated 
in  a  silicone  gel  for  protection  from  environmental  effects.  The  package 
requires  only  application  of  +10  to  +30  VDC  to  initiate  signal  output  to  the 
ARMS  controller. 
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Table  3 

WHca  ST<420  Praesura  Transducer  Spedflcatlona 

Owl  accuracy 

1 0.28%  of  M  aeala  (baat  IMing  alraigM  Ina,  BFSL) 

OuSUsiBnal 

04  VDC,  3-win 

Supply  voUaga 

1040  VDC 

Supply  woHaga  amw 

<0.1%offulacalW10V 

Unaarily 

<0.2S%offulacMa 

HyaMacia 

<0.1%  of  fuN  aeala  1 

Rapaalabli^ 

<0.1%  of  ful  aeala  I 

Prooaaa  lamparafeira 

-2O^to+2a0*F  1 

Amblant  lamparalura 

-ItTF  to  +180«F 

Storage  tamparalura 

■40‘F  to +220*1= 

Tamparatura  anor 

<0.008%  of  fM  aeala  par  1<>F  (32<‘F  to  180*^) 

Max.  ovarpraaaura 

Saa  abova 

Body-MalarM 

304  atainlaaa  atoal 

Watladparta 

316  atainlaaa  atoal  (up  to  280  pai)  17-4  PH  (800  pai  and  above) 

Procaaa  oonnaclion 

%  in.  NPT  (atwidwd) 

Badrical  cormacter 

DIN  43680  aoMarloaa  aetaw  tamunala 

Bacalcd 

prelaclian 

Againat  ravaraa  polafity:  againat  short  eircuit  output;  supprassor- 
dkida  for  high-voltaga  protaction 

Vibralon  proiaction 

Intomal  oloctronica  100%  pottad  with  aieona  gal 

Waight 

Approx.  8  oz. 

Oimansiona 

Saa  drawing 

The  ST-420  is  housed  in  a  stainless  steel  assembly  with  a  1/2-ia  NPT 
threaded  pipe  fitting  (Figure  7).  This  is  fastened  dunwgh  the  end  cap  of  a 
small  underwater  casing  for  use  on  the  ARMS  frame.  The  other  end  cap  has 
an  underwater  bulkhead  coiuiector  that  allows  connection  with  ARMS  via 
underwater  cable. 
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Table  4 

Praaaura  Transducer 


PraMim  RangM 


0  -  30*  Mcuum 


aor-Q.  a0p*i 


30*  0-  «0p«i 


30*  -  0  •  100  p«i 


5  pti 


10  pd 


25  pti 


SOpai 


60  p«i 


100  pti 


160  pti 


250  pti 


500  pti 


TSOpti 


1,000  pti 


1,500  pti 


3,000  pti 


5,000  pti 


8,000  pti 


■  10,000  pti 


-  15,000  pti 


Ranges  Available 


Mudfiium 

Bunt 

20 

SO 

100  pti 

250  pti 

ISO  pti 

300  pti 

250  pti 

500  pti 

15  pti 

30  pti 

20  pti 

SO  pti 

100  pti 

250  pti 

ISO  pti 

300  pti 

180  pti 

300  pti 

250  pti 

500  pti 

400  pti 

1,000  pti 

600  pti 

1,500  pti 

1,000  pti 

2,000  pti 

1,500  pti 

3,000  pti 

2,000  pti 

4,000  pti 

3,000  pti 

6,000  pti 

5,000  pti 

10,000  pti 

10,000  pti 

15,000  pti 

12,000  pti 

17,000  pti 

15,000  pti 

20,000  pti 

20,000  pti 

25,000  pti 
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SAE  (METRIC  CONVERSION  l 


Wika  ST-420  pressure 
transducer 
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Instrumentation 


To  comidete  its  self-contained  suite  of  capabilities  aimed  at  thorougb  lecon- 
naisstfice  of  all  local  hydrodynamic  activity,  a  secondary  level  of  ARMS 
instrumentation  is  required.  Sensors  measuring  tripod  attitude  and  the  u  \ck- 
ground  water  cohunn  envinmmeitt  in  the  tripod’s  vicinity  are  listed  in  this 
cluqtter. 


Inclinometer 

Functions/utiiities 

The  ARMS  tripod  design  allows  it  to  be  repeatedly  placed  into  an  ufmght 
position  with  the  vertical  axes  of  the  velocity  sensors  aligned  perpendicularly 
to  the  seafloor.  However,  seldom  are  field  sites  encountered  that  are  com¬ 
pletely  free  of  at  least  a  somewhat  gentle  bottom  slope.  To  account  for  any 
tilt  of  the  local  X-Y-Z  coordinate  system  during  the  subsequent  data  reduction 
process,  an  inclinometer  is  fastened  to  foe  top  of  the  BASS  cages  to  record 
their  deviation  foom  gravitational  vertical. 


Instrument  characteristics 

The  Lucas  Sensing  System  Accustar  II  dual-axis  inclinometer  (Figure  8)  is 
an  economical  unit  small  enou^  to  be  enclosed  in  a  compact  Plexiglas  hous¬ 
ing  and  mounted  urwbtrusively  atop  foe  velocity  sensor  array  (Lucas  1990).  It 
utilizes  a  variable  capacitance  sensor  that  permits  two  forms  of  output;  an 
analog  voltage  level  and  a  pulse-widfo-modulated  (PWM)  digital  signal.  Both 
forms  are  decipherable  by  the  ARMS  conversitm  circuitry,  althougfi  foe  analog 
version  is  sli^tly  more  compatible  with  the  outputs  of  the  other  instruments 
used.  The  device’s  excellent  resolution  and  linearity  make  it  well-suited  for 
long-term  monitoring  of  tilt  during  a  defdoyment  Furthermore,  combined  with 
foe  time  constant  of  the  sensing  mechanism,  it  is  valuable  for  discerning  any 
unwanted  vibratory  oscillations  that  may  appear  in  the  ARMS  data.  Environ¬ 
mental,  electrical,  and  performance  specifications  of  the  irtclinometer  are  listed 
in  Tables  5,  6,  and  7,  respectively. 
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WEIGHT:  3.2  OUNCES 

DIMENSIONS  ARE  IN  INCHES 


Electrical  Connections 


WIRE 

PIN 

WIRE 

Black 

Ground 

4 

Orange 

PY/M  Output  |X) 

Red 

♦9V0C 

5 

Green 

Analog  Output  (Yi 

Blue 

PWM  Output  (Y) 

6 

Yellow 

Analog  Output  (X| 

Figure  8.  Lucas  Accustar  II  dual-axis  inclinometer 


Tables 

Inclinometer  Environmental  Specificationa 

Temparatura  ranga 

Oparaling 

-40to>85<>C 

Storaga 

-55lo+S5<C 

Tamparalura  coaffidant  of  nul 

±  0.01»  par  •C 

Tamparatura  coaffidant  of  seaia  factor 

±  0.10%  par  ’C 

Compass 

Function 

To  prevent  the  tangling  of  multiple  tethers  during  its  placonenL  the  ARMS 
tripod  is  lowered  to  the  bottom  using  a  single  cable.  The  cable  is  hooked  to  a 
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Tables 

Inclinometer  Electrleal  SpecIflcaMons 

VtoileQa  supply  nominal 

4aVDC 

VolmQa  supply  ranga 

to  4^15  VDC  raguintod 

Cunam 

3.S  mMemps  nwadmum 

AmIoq 

1  Scala  factor  •^VOC 

too  mitoolti  par  degree 

1  Load  rasistMoa 

10K  ohms  minimum 

Pulsa  WkNh  Output 

Nul  S0% 

Scala 

«  0.7  %  par  degree  or 
>  14  luoe  par  dagraa 

OuV  cyda 

4  ^);  a  ^  vary  from  0.2  to  0.7  milaaoond 

Frequency 

•>  1kHz  nominal 

1  Table  7 

1  Inclinometer  Performance  Specifications 

Range 

±20  deg 

Threshold  a  resolution 

0.01  deg 

Linearity 

null  to  10  dag 

±0.2  deg 

10  to  IS  deg 

2%  of  reading 

15  to  20  dog 

Monotonic 

Nul  ropoatebiity 

±0.1  deg 

Tnwoonstont 

0.3  sac 

Frequency  rosponsa 

0.SHZ 

lilting  ring  bolted  to  the  center  of  the  upper  pan  of  the  tripod’s  central  frame. 
This  arrangonent  allows  a  balanced  de^nt,  but  it  relinquishes  topside  control 
of  the  tripod’s  directional  orientation  as  it  settles  into  place  on  die  bottom.  To 
provide  a  leooid  of  the  initial  orientation  as  well  as  any  subsequent  rotational 
shifting  during  a  deployment,  a  compass  is  mounted  in  the  Plexiglas  pressure 
container  (housing  die  inclinometer)  that  is  fixed  to  the  BASS  array. 


Instrument  characteristics 

The  ARMS  compass  is  an  Aanderaa  Instruments  Model  1248  potendomet- 
ric  version  designed  for  use  in  recording  current  meters  (Aanderaa  Instruments 
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1972)  (Figure  9).  The  device’s  directuxial  (uientatkm  is  given  as  a  (K^entio- 
m^c  setting.  The  central  magnet  assemUy  in  the  c(»4)ass  nonnally  rotates 
freely  in  a  (dane  normal  to  the  vertical  axes  of  die  vdodty  sensors,  keqnng 
itself  align^  with  and  pointing  toward  magn^c  north.  An  attached  wire 
wiper  passes  closely  along  a  wound  wire  potendometric  ring  molded  into  the 
housing  of  the  compass. 


When  a  compass  reading  is  required,  the  ARMS  power  control  actuates  a 
•i-d-VDC,  15-mA  clamping  current  to  a  coil  surrounding  the  magnet  assembly. 
When  clamped,  the  wiper  makes  contact  widi  the  ring.  Because  die  potentio¬ 
meter  is  wired  as  a  linear  voltage  divider,  the  resistance  value  yields  a  voltage 
ouqmt  that  is  directly  proportional  to  die  existing  orientation  of  the  compass 
and,  consequendy,  to  the  attached  velocity  probes. 

The  specificadons  of  the  compass  are  listed  in  Table  8.  Signal  condidon- 
ing,  power  control,  and  pressure  container  informadon  for  the  dlt/direcdtm 
instruments  are  foiuid  in  Chapters  7,  8,  and  9,  respectively,  of  this  report 
Engineering  drawings  are  included  in  Appoidix  A. 


Tables 

Compass  Specifications* 

damping  voltage 

6  volts 

Clamping  current 

15  miHamps 

Potentiomelric  resistance 

2,000  ohms 

Allowable  tilt 

12deg 

Accuracy 

±2deg 

1  *  Tme  for  true  reading  after  compass  is  suddenly  turned  90  deg  | 

1  is3.Ssec. 

_ 
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Thermistor 


The  background  wata*  tempentture  is  necessary  for  determining  the  k)cal 
qieed  of  sound,  for  precise  calibration  (rf  the  acoustical  instruments.  Tempera¬ 
ture  variations  at  the  ARMS  tripod  result  from  tandmn  turbulent  or  wave- 
induced  motions  with  time  scales  ranging  firom  seconds  to  hours.  It  is 
therefore  desiraUe  to  take  a  continuous,  hi^firequency  water  temperature 
record  at  the  ARMS  site. 


Instrument  description 

Hundreds  of  different  temperature  sensors  are  availatde,  many  of  which 
may  be  easily  incorporated  into  the  ARMS  ensemUe.  Experience  with  the 
YSI  Company’s  YSI44204  Thermilinear®  Component  shows  it  to  be  a  very 
accurate  sensor  (YSI  1977).  The  precise  YSI#44018  thermistor  can  be  config¬ 
ured  into  two  circuits  if  a  pair  of  low-temperature  coefficient  resistors  is 
included  to  form  a  highly  linear  voltage  or  resistance  network,  depending  on 
which  output  is  desired.  ARMS  can  use  either  form  interchangeaky,  since  the 
electronics  of  the  component  are  mounted  rni  the  system’s  signal  conditioning 
board. 

The  thermistor  itself  (Figure  10)  is  potted  directly  onto  a  cable  connector 
that  mates  to  a  bulkhead  connector  through  the  pressure  housing  end  cap.  This 
thermistor  plug  is  easily  removable  aixi  reattachable,  and  it  is  hee  of  an 
external  signal  caUe.  For  remote  placement,  the  plug  may  be  mated  with  a 
matching  receptacle  at  the  end  of  an  underwater  (^le.  Thermistor  network 
specifications  are  listed  in  Table  9.  Schematic  diagrams  are  found  in 
Appendix  B. 


Optical  Backscatter 
Sensor  (OBS) 


utility 


As  with  the  temperature 
record,  concurrent  background 
suspended  solids  measurements 
can  further  enhance  the  quality  of 
the  ARMS  data  set  The  amount 
of  sediment  particles  entrained  in  the  water  column,  like  the  temperature,  var¬ 
ies  as  independent  water  masses  move  advectively  through  the  study  site. 

Also,  the  local  boundary  layer  enviroiunent  will  provide  a  resuspensive  contri- 
butimi  to  the  total  suspended  mass  per  unit  volume  (TSM).  Although  these 
long-  and  short-term  variations  can  be  seen  in  the  profdometer  data,  a  supple¬ 
mental  measurement,  obtained  using  a  different  method  (optical  instead  of 
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Tables  1 

YSI  Thermistor  Specifications  | 

SpeoMoMion 

VoNage  Mode 

Reeletance  Mode 

Thermistar  absokile  accuracy  and 
unarchangaabiKty 

±  0.27»  F 

±  0.27*  F 

Unaarity  deviation 

±  0.055«  F 

1 0.98  ohm 

Ein  Max 

4  V 

Ij  Max 

685  microamps 

Sensitivity 

0.0031288  Em/*  F 

17.834  ohmsTF 

Load  resistance 

10-Megaohm  minimum 

Time  cortstant 

The  time  raquirsd  for  the  thermistor  to 
indicate  63%  of  a  new  imprassad  tem¬ 
perature,  in  Vrel-stiiTod’  ol,  1  sac;  in 
free  stil  air,  10  sac. 

Storage  temperature 

-1 12  to  +250*  F  (-80  to  +120*  C) 

acoustic),  may  reveal  clues  to  behavior  not  readily  decipherable  from  the 
acoustical  returns.  The  optical  result  of  increased  sediment  concentration  is 
increased  opacity,  or  turbidity,  of  the  water  columa  The  profilometer  is  well- 
suited  to  penetrating  the  entire  boundary  layer  to  reveal  the  fine  scale  spatial 
structure  of  the  evolving  suspended  sediment  profile.  Light,  however,  is  very 
rapidly  attenuated  while  traveling  through  turbid  water,  thus,  the  effective  path 
lengths  of  light-based  instruments  are  limited  by  the  range  of  TSM  that  they 
will  operate  in.  Nevertheless,  a  properly  applied  optical  measurement,  even  if 
taken  at  a  single  point  along  the  acoustically  obtained  profile,  provides  a  useful 
corroborative  comparison  between  measurements  in  a  wide  range  of  applica¬ 
tions.  A  discussion  covering  all  available  devices  and  methods  they  employ  is 
available  in  Bedford,  Wai,  and  Libicki  (1991).  A  specific  device  easily 
adaptable  for  use  with  the  ARMS  instrumentation,  the  optical  backscatter 
sensor  (OBS),  is  mentioned  here. 


Instrument  description 

The  OBS®  sensor,  made  by  D  &  A  Instrument  Company  (D  &  A  Instru¬ 
ment  Company  1991),  is  a  device  that  measures  particulate  optical  back- 
scatterance  of  an  87S-nm  infrared  (IR)  light  source.  Its  silicon  photodetector 
selectivity  responds  to  IR  reflections  from  a  narrow  (140  to  160  deg)  angular 
range  (Figure  11)  that  provides  a  linearly  proportional  voltage  output  in 
response  to  ambient  turbidity  levels.  Conversion  of  turbidity  readings  to  TSM 
values  is  possible  if  the  sensor  is  calibrated  properly  with  suspended  material 
from  the  mraiitoring  site. 
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The  OBS  sensor  is  constnicted 
of  conosion-resistant,  ^ass-filled 
polycaitxNiate  with  injection- 
molded  connectors.  It  is  made 
available  as  a  temperature- 
compensated,  stand-alone  device 
(in  an  underwater  pressure  hous¬ 
ing)  that  accepts  external  gain  and 
offset  adjustments.  The  0-  to  S-V 
output  range  is  directly  comptoible 
with  the  ARMS  digital  conversion 
circuitry  and  the  sensor  requires 
only  14  mA  of  current  at  -t-7  to 
•t-15  VDC.  Detailed  diagrams  are 
included  in  Appendix  A. 

High-Frequency 
Acoustic  Non- 
Destructive  Sediment 
Sizer  (HANDSS) 


To  provide  grain  size  distribution  calibrations  for  the  ACT  and  OBS  sen¬ 
sors,  the  High-Frequency  Acoustic  Non-Destructive  Sediment  Sizer  (HANDSS) 
is  currently  being  developed.  HANDSS  incorporates  five  acoustic  transducers, 
ranging  from  2.25  to  50  MHz,  to  estimate  particle  size  spectra  at  the  ARMS 
field  site.  The  transducers  measure  both  close-range  backscatter  and  attenu¬ 
ation  of  reflections  off  a  nearby  fixed  hard  target.  This  provides  the  suite  of 
necessary  signals  to  adequately  define  the  loc^  sediment  size  characteristics. 

HANDSS  is  a  staiKl-alone  device  housed  in  an  underwater  pressure  con¬ 
tainer  (Figure  12).  One  end  cap  of  the  canister  holds  all  transducers  and  the 
hard  target  mount.  Controlled  by  an  HPC  16(XX)  series  microcontroller, 
HANDSS  does  all  necessary  computations  on  board  and  outputs  its  data  in  an 
RS-232  serial  format  The  output  is  fed  to  ARMS  througji  an  underwater 
cable  that  carries  power  to  the  device. 
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5  Field  Configuration 


This  section  outlines  considerations  regarding  placement  of  ttie  underwater 
instruments  relative  to  each  other  and  to  local  topograi^y.  After  establishing 
these  requiranaits,  their  triplication  towards  optimal  design  of  the  ARMS 
tripod  is  discussed 


Design  Considerations 

With  tv")  profiling  instruments  sampling  the  benthic  boundary  layer  within 
the  1-  to  S~Hz  d-main  (the  BASS  measuring  velocities  and  the  ACP  measuring 
concaitratiot\>  ^ 's  desirable  to  have  thm  measuring  the  same  profile 
(Bedford  et&t  •  91).  It  is  not  possible  to  have  both  instrumoits  simultan¬ 
eously  measuring  exactly  the  same  volume  of  water  due  to  several  factors. 
While  the  BASS  should  be  motmted  so  that  all  four  cages  are  aligned  verti¬ 
cally,  the  ACP  should  be  tilted  slightly  off  vertical  a  few  degrees.  This  is 
done  to  avoid  strong  secondary  and  tertiary  bottom  reflections  off  the  faceplate 
that  can  linger  long  enough  to  be  picked  up  by  the  receiver,  fouling  subse^ent 
profiles.  This  and  the  interference  of  side  lobe  reflections  from  any  objects  off 
center  in  the  very  near  field  make  it  impractical  to  aim  the  ACP  straight  down 
through  the  center  of  the  BASS  cages. 


Instrument-relative  positioning 

The  two  measured  profiles  should  be  positioned  as  proximally  as  possible 
without  mutual  interference.  The  vertical  plane  of  the  tilted  ACP  beam  should 
contain  the  line  formed  by  the  midpotrus  of  each  BASS  cage.  To  achieve  this, 
the  profilometer  should  be  mounted  near  the  top  of  the  BASS  cage  array  and 
tilted  away  (Figure  13).  Tilt  in  this  direction  reduces  the  side  lobe  effects,  and 
maintains  a  proportional  distance  between  the  lower  BASS  cages  and  the  wid¬ 
ening  profilometer  beam.  The  profilometer  needs  to  be  sqparated  about  20  cm 
horizontally  from  the  BASS  cage  so  as  to  eliminate  spurious  reflections.  Con¬ 
sideration  of  the  relative  geometry  of  the  two  profiles  during  analysis  allows 
the  data  from  each  to  be  properly  af^lied  and  investigated. 

The  pressure  terms  in  the  governing  boundary  layer  equations  are  usually 
directly  related  to  the  time  history  of  the  surface  and  internal  wave  velocity 
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c(HQponents.  Therefore,  the  pres¬ 
sure  readings  should  be  taken  at  a 
point  veitically  aligned  with  the 
midpoints  flKMn  the  velocity  read¬ 
ings.  Since  locally  observed  pres¬ 
sure  is  a  result  of  hydrostatic 
pressure  variatkms,  die  vertical 
spacing  between  the  upper  BASS 
sensor  and  the  pressure  transducer 
is  not  as  cnicial  as  the  alignment 
However,  to  minimize  the  effects 
of  any  lags  that  may  occur,  it  is 
best  to  mount  the  pressure  trans¬ 
ducer  as  close  to  the  top  of  the 
BASS  array  as  possible  without 
blocking  the  flow  patterns. 


Seafloor-relative  positioning 


As  mentioned  in  the  ACP 
description,  a  thorough  recon- 
noitering  of  the  sediment  concen¬ 
tration  profile  should  include  the 
reflection  off  the  seafloor  itself. 
Also,  the  ideal  placement  of  the 
bottCMnmost  BASS  sensor  would  be 
as  close  to  the  bottom  as  possible 
without  actually  causing  distur¬ 
bances  at  the  water-sediment  inter¬ 
face.  These  considerations,  along 
with  those  concerning  instrument- 
relative  positioning,  serve  to  con¬ 
strain  the  mounting  design  options 
dramatically. 

Within  these  peripheral  limits,  it  may  become  desirable  to  alter  the  posi¬ 
tions  of  the  acoustic  instruments  in  order  to  fine-tune  them  for  specific  field 
environments  or  alternative  sampling  requirements.  However,  once  the  devices 
are  mounted  in  an  optimal  configuration,  it  is  necessary  not  only  that  they 
remain  motionless  in  these  positions  relative  to  the  seafloor  during  an  entire 
deidoyment,  but  that  they  have  the  capacity  to  be  repositioned  precisely  and 
r<q)idly  in  the  same  fashion  at  other  bottom  sites.  This  allows  the  collection  of 
many  directly  comparable  field  data  sets,  each  free  of  peculiar  oscillations 
resulting  from  sympathetic  instrument  vibrations. 

Being  able  to  place  the  ARMS  instruments  in  the  same  positions  relative  to 
the  boundary  layer  at  different  sites  is  not  enough  to  ensure  the  compatibility 
of  the  separate  data  sets.  The  supporting  structtire  itself  must  be  designed  to 
maximize  the  unimpeded  movement  of  water  and  sediment  from  all  directions. 
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Any  solid  structural  members  substantial  enou^  to  secure  ttae  profikxneter  and 
BASS  in  high-energy  conditions  will  disrupt  flow  patterns  locally.  If  die  scale 
and  location  of  these  disturbances  do  not  interfere  with  the  sampling  volume, 
then  the  benefits  gained  from  using  the  acoustic  instruments  to  unobtrusively 
observe  in  situ  benthic  boundary  layer  activity  will  not  be  comprmnised. 


Deployability 

Occasionally  the  instrument  padcage  may  be  placed  at  sites  where  power 
and  serial  communications  cables  would  be  employed  to  link  it  directly  to 
external  power  supplies  and/or  comiHiter  hardware  nearby,  e.g.,  in  a  shore 
facility  or  aboard  a  moored  vessel.  The  majority  of  the  deployments  will  be  at 
remote  areas,  where  the  oisemble  would  collect  data  autonomously.  In  both 
situations,  the  equifxnent  will  need  to  be  manually  hoisted  dear  of  die  decks 
of  various  vessels,  then  lowered  through  the  air,  water  surface,  and  water  col¬ 
umn  to  the  seafloor,  and  released.  This  operation  may  be  required  to  proceed 
under  a  wide  variety  of  weather  conditions. 

To  account  for  this,  the  instrument  pod  needs  to  be  self-contained  enough 
to  avoid  any  damage  or  disconnection  due  to  the  sometimes  unavoidable  rough 
handling  it  may  receive.  Long  delicate  appoidages,  unsecured  cables,  and 
exposed  connectors  could  be  subjected  to  many  destructive  stresses  during 
deployment  and  must  be  avoided.  Besides  enhancing  instrument  survivability, 
a  balanced,  compact,  and  ruggedly  designed  platform  will  be  generally  quidmr 
and  easier  to  handle,  requiring  fewer  deckhands.  Getting  it  to  the  seafloor 
quickly  and  effectively  reduces  the  total  amount  of  time  the  system  ^nds 
precariously  attached  to  a  bobbing  vessel,  and  it  reduces  ship  time  on  station. 


ARMS  Tripod 

The  ARMS  tripod  is  the  result  of  a  comprehensive  design  process  consist¬ 
ing  of  field  experiences,  laboratory  tests,  and  structural  analyses.  The  design 
considerations  ranged  from  availability  of  materials  to  flow  field  signature 
while  attempting  to  cover  all  fine  points  optimally. 


Platform  design 

As  observed  in  similar  applications  in  telescopy,  photography,  and  survey¬ 
ing,  the  most  stable  geometric  design  for  use  as  a  precision  instrument  plat¬ 
form  is  the  tripod.  As  long  as  it  is  lowered  into  place  in  a  relatively  upright 
attitude,  a  tripod  will  settle  firmly  on  the  seafloor  without  wobbling  regardless 
of  any  local  bottom  contour.  Keeping  the  vertical  axis  of  tire  center  of  gravity 
align^  with  the  intersection  of  the  three  legs  is  trough  to  facilitate  this 
upright  deployment  position  in  all  but  the  most  extreme  wave  and/or  current 
environments. 
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The  ARMS  tripod  (Hguie  14)  utilizes  a  sturdy  central  frame  that  serves  as 
a  stable  instalment  perch  when  joined  to  ttuee  solid  legs.  The  three  evenly 
placed  angled  sleeves  that  accommodate  the  legs  are  welded  between  two 
vertically  separated  3/4-m.-thick  disks  of  aircraft  aluminum.  These  sleeves 
each  have  diree  3/8'in.  clearance  htdes  that  line  up  with  holes  drilled  in  the 
tops  of  eadi  leg,  allowing  stainless  steel  bolts  to  secure  them  once  the  legs  are 
slid  into  place.  Three  1-in.  stainless  steel  threaded  rods  pass  vertically  through 
clearance  holes  drilled  in  the  two  aluminum  disks  and  can  protrude  as  much  as 
36  in.  downward,  depending  on  how  they  are  fastened  into  place  with  stainless 
steel  hex  nuts  and  washers. 

The  expandable  and  interchangeable  legs  are  cut  to  their  desired  length 
ftom  readily  availaUe  2-in.  galvanized  steel  pipe.  Twelve-in.-diam  aluminum 
footpads  are  fitted  to  the  bottom  of  each  leg  and  bolted  securely  in  the  same 
manner  as  the  upper  sleeves.  The  feet  allow  the  tripod  to  settle  evenly  onto 
the  seafloor  without  sinking.  Each  foot  has  a  clamped  fitting  drilled  through  it 
to  hold  an  optional  bottom-penetrating  ^ike,  which  could  restrict  sliding  of  the 
feet  when  die  tripod  is  placed  on  smooth  surfaces  in  high-velocity  conditions. 


Tripod  height  can  be  changed  by  substituting  legs  of  different  loigth,  but 
the  (^timal  instrum^t  positions  described  previously  dictate  a  preferred  tripod 
height  The  diameter  of  the  legs  and  their  angle  relative  to  vertical  are  a  result 
of  the  compromise  between  rigidity  and  spacing  considerations.  Short  stout 
legs  are  more  rigid  than  long  slender  ones,  but  they  present  a  larger  cross- 
sectional  obstruction  to  local  flow  fields.  To  arrange  the  legs  farther  from  the 
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samiding  area  (below  the  vertex  of  the  tripod),  they  could  be  uigled  out  shal¬ 
lowly,  but  this  requires  the  legs  to  be  longer  to  achieve  the  same  height,  thus 
increasing  susceptibility  to  torsiorud  flexure.  The  chosen  combination  of  angle, 
loigth,  and  diameter  of  the  legs  satisfactorily  addresses  all  stated  requirements. 


Mounting 

The  main  ARMS  instruments  are  attached  via  customized  mounts  to  the 
three  vertical  threaded  rods  of  the  tripod’s  central  frame.  As  stated  before,  the 
overall  positioning  of  the  rods  may  be  changed  by  adjusting  the  hex  nuts  hold¬ 
ing  them  to  the  frame.  Using  additiotuil  hex  nuts  to  clamp  them  into  place,  the 
instrument  mounts  may  also  be  positioned  securely  anywhere  along  the  lengths 
of  the  three  threaded  rods.  Utilizing  these  degrees  of  adjustability,  the  instru¬ 
ments  may  be  placed  precisely  as  needed  to  meet  all  dimensional  requiranoits. 

Mounted  below  the  disks  of  the  central  frame,  the  instrum^ts  are  afforded 
a  degree  of  protection  fiom  objects  dropped  or  towed  from  the  surface,  such  as 
nets,  downriggers,  or  anchors.  The  an^ed  tripod  legs  also  marginally  guard 
the  perimeter  of  the  large  open  area  of  seafloor  beneath  the  instrument  from 
drifting  litter.  The  rods  and  undersides  of  the  upper  legs  are  also  ideal  places 
to  mount  the  electronics  canisters  aixl  batteries  out  of  harm’s  way.  This 
arrangement  also  effectively  reduces  the  lengths  of  vulnerable  cities  needed  to 
connect  the  closely  spaced  components,  and  it  keeps  the  cables  entirely 
beneath  the  protective  canopy. 
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Overview 

To  downsize  the  ARMS  instrument  package  fnnn  its  bulky  predecessors 
and  provide  the  most  flexitde  samfding  and  control  duuacteristics,  the  latest, 
most  technologically  advanced  electronics  are  used;  integrated  circuitry.  The 
control  circuit,  overdesigned  for  extra  peiformaitce  and  expaiulability,  and  a 
well-integrated  microcontroller,  paired  with  a  versatile  programmabte  logic 
device,  provide  the  entire  suite  of  signals  and  ports  required  to  run  the  ARMS 
system. 


Requirements 

High  speeds 

To  run  an  array  of  underwater  acoustic  instrumoits,  a  sophisticated  set  of 
electrcMiic  hardware  must  be  employed.  SiiKe  data  from  several  instruments 
are  collected  in  real  time,  high-spe^  circuitry  is  required,  not  ordy  for  the 
generation  of  the  high-frequency  sound  itself,  but  alw  for  the  timing  of  the 
torud  bursts  sent  out,  whe^r  in  packets,  wave  groups,  or  individual  pulses. 
The  digitization  of  received  signals  must  be  precise,  so  as  not  to  induce  any 
computational  noise  or  aliasing  of  the  coherent  returns.  While  all  of  this  is 
luq)pening,  real-time  communication  controls  must  be  in  place  to  feed  raw  and 
computed  data  onto  mass  storage  efficimtly,  as  well  as  signal  the  control  hier- 
ardiy  of  any  problems,  overflows,  or  redirections  necessary.  Simultaneously, 
the  coitral  processing  unit  (CPU)  must  remain  alert  to  interrupts  coming  from 
the  outside,  such  as  operator  intervention  or  conditional  shutdowns  during 
"unirderesting”  periods  of  non-collection.  All  of  these  functions  need  to  be 
software-programmable  to  allow  adiq)tive  changes  of  operational  parameters. 


Low  power 


The  high-speed  circuitry  must  be  as  efflciort  as  possible,  because  the 
remote  data  platform  will  rarely  have  the  convenience  of  an  utdimited  power 
supfdy.  In  fact,  utdess  close  to  shore  or  dockade,  the  ARMS  package  must 
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always  rely  on  battery  power.  Voltages  should  ideally  be  kept  low.  with  just 
enou^  power  to  ran  die  necessary  routines.  Foituna^y.  the  background 
amount  of  stray  radio  frequency  and  electromagnetic  frequency  noise  decreases 
rapidly  with  depth  of  water,  so  that  low  opentting  contnd  and  signal  voltages 
may  Ire  used.  Care  must  be  taken,  however,  to  identify  local  sources  of  elec¬ 
trical  interference  of  larger  amplitudes,  especially  static  electricity.  Battery 
longevity  is  also  enhanced  by  occasional  "sleep"  periods  where  system  func¬ 
tions  are  suspended  during  tire  previously  mentioned  progranuned  intervals  or 
conditionally  uninteresting  peri^. 


Minimal  size 

The  physical  size  of  die  unit  must  be  minimized  as  well.  Minimal  [diysical 
sizing  allows  the  pressure  contairrers  holding  the  data  collection  circuitry  to  be 
placed  closer  to  the  sensors  themselves  without  disturbing  the  flow  around 
them,  thus  reducing  the  antenna  effect  of  long  cables.  Also,  the  smaller  pres¬ 
sure  vessels  are  less  buoyant  and  require  less  bulky  ballasting  for  ease  of  hand¬ 
ling  above  and  below  the  water  surface.  Optimization  of  the  mass  storage 
machinery  allows  a  certain  amount  of  long-term  storage  given  the  actual  bytes 
per  second  being  collected,  which  imposes  its  own  set  of  size  versus  length-of- 
deployment  considerations,  usually  on  the  same  time  scale  as  available  battery 
life.  Furthermore,  the  amount  of  circuitry  rreeds  to  be  optimized  to  allow  the 
required  number  of  input/output  (I/O)  ports  and  timing  signals  without  accu¬ 
mulating  too  much  electronic  chip  overhead. 


Microcontroller 

Control  and  computation 

The  above  requirements  are  met  using  the  HPC  16000  series  micro¬ 
controller  by  National  Semiconductor  (Rgure  15)  (National  Semiconductor 
Corporation  1987).  This  microcontroller  is  really  a  compromise  between  a 
full-size  microcomputer  (with  an  extensive  set  of  corrunand  functions  and 
internal  logic  capabilities)  and  a  programmable  controller  (a  smaller  dedicated 
functional  machine  usually  relegated  to  certain  I/O  and  control  functions). 
Althou^  it  is  not  a  true  microcom{Hiter,  the  HPC  160(X)  is  still  able  to  func¬ 
tion  almost  completely  as  a  stand-alone  device.  At  20  MHz,  it  is  fast  enough 
to  perform  complex  coded  instruction  combinations  allowing  real-time  control 
of  the  ultrasonic  instruments  as  well  as  the  r^id  data  transfers  to  process  the 
voluminous  incoming  data  quickly.  Along  with  the  required  speeds,  the  HPC^*^ 
has  enough  I/O  and  computational  ability  to  make  a  perfect  CPU  for  the 
ARMS  package  (Table  10).  The  32-  by  16-bit  divide  and  16-  by  16-bit  multi¬ 
ply  cap^ilities  allow  enough  accuracy  to  process  the  incoming  data  from 
sensors  in  either  8-  or  16-bit  formats,  interchangeable  by  modifying  software 
rather  than  hardware. 
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Figure  15.  HPC  16QQQ  microoonboler  blocK  diagram 
Communication 


In  ttie  HPC  16000,  the  independently  assignable  data  transfer  rates  (up  to 
38.4K  baud)  and  receiving  and  transmitting  lull  duplex  UART  allow  various 
communication  possibilities,  especially  when  combined  with  the  External 
UART  Interrupt  (EXUI)  or  software-specified  interrupts.  The  proprietary 
Microwire™  serial  lA)  can  be  used  with  any  number  of  other  National  Semi¬ 
conductor  Microwire™  devices  that  may  enhance  or  add  extra  functions  to  the 
controller.  This  can  also  be  used  for  timing  and  control,  and  to  suf^lement 
the  nine  16-bit  timers  on  board  the  HPCT“,  whidi  may  be  tied  to  up  to 
10  timer  outputs  for  a  wide  range  of  controlled  synchronous  or  PWM 
functions. 


Power 

The  HPC™  has  HALT  and  IDLE  modes  for  reduced  power  consmnption 
during  the  conditional  or  prearranged  "ofT  times  associated  with  staggered 
long-term  sam|ding  schemes.  The  hardy  CMOS  (complementary  metal  oxide/ 
silicon)  circuitry,  while  still  static  sensitive  and  requiring  some  handling 
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TabtelO 

HPCFaKuwa 

■  HPC  Imay-oora  baairaa: 

.  1S-bil  srahllMftMA.  fadih  bvift  Mid  wonl 

—  16-M<tete  bus,  Aiitaitefc  Logic  Unit  and  lagiaten. 

—  64k  bates  of  iNtenial  mamoiv  addnoBm 

—  200  ns  lor  lagiateiing  inabuciona  wtwn  using  aO-MHs  oiook. 

nign  coop  mbowi^  ~  mosi  ■tOTUcvofis  m  wigM 

—  16  X  16  muMply  and  32  x  16  dMds. 

^  Gght  VMlOMd  inlwiipt  mutom. 

four  164iit  timarAaoutasra  widi  tour  aynehrenout  oulpute  and  WATCHDOG  logic. 

—  MICROWIRE4H.US  aarial  lAO  intertaoa. 

—  Comptomantary  Motel  Oxkto  Sioon  (CMOS)  —  vary  low  poster  snlh  ten  poster  saws  modss;  IDLE  and  HALT. 

■  UART  —  fuN  duptex.  pragransnablo  baud  rate. 

■  Four  16-Ut  tenar/oounters  stitfi  pulaa  srkth-modulated  outputs. 

■  Four  input  captura  raoiatera. 

gi  52  ganaral-puipoaa  I/O  Hnas  (mamory  mappad). 

61512  bytes  of  random  aooasa  mamory  (RAM)  on  chip. 

■  Commarcial  (0  to  ■«-70*C),  industrial  (-40  to  466‘0),  automoten  (-40  to  4106%),  and  mKtaiy  (-55  to  4125%) 
tempsratura  rangas. 

precautions,  draws  small  amounts  of  power  while  perfonning  all  signalling, 
transfers,  and  controls  at  the  desiraMe  -fS-V  level,  making  design  changes 
sim(de  as  well  as  power-conservative.  Electronic  sdiematics  and  board  layouts 
are  found  in  Appendices  A  and  B. 


Programmable  Logic  Device 

One  drawback  of  the  micioctHitroiler  format  is  the  smaU  amount  of  RAM  - 
only  512  bytes  on  the  specialized  16004  series,  and  256  bytes  on  all  ottier 
mo^ls.  Unfortunately,  the  only  read-only  memoty  (ROM)  version  is  available 
in  mask-programmed  large-quantity  purchases  of  12,500  pieces  or  more,  which 
is  not  compatiUe  with  the  small-to-moderate  quantities  required  for  research 
projects.  Therefore,  the  required  monory  must  exist  off-chip.  For  larger  data 
and  instruction  set  formats,  latches  for  transfers  as  well  as  the  memory  chips 
become  important  required  hardware  on  the  microcomputer.  Unfortunately, 
these  would  need  to  be  hooked  directly  to  the  160(X)’s  principal  lA)  and 
address  port,  which  would  necessitate  further  latching  corurol  of  any  other 
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devices  lequiitaig  similar  diicct  access  or  branching.  To  handle  these  require¬ 
ments,  a  q^Anctional  imegmed  circuit  (lO  called  a  Programmable  Logic 
Device  (or  FLD)  was  added  to  the  circuitry. 


Memory 

A  User-ConfiguraUe  Perqjheral  w/  Memwy  (Figure  16)  is  an  extremely 
flexiUe  PLD  that  possesses  •  in  one  chip  -  all  of  the  extra  devices  needed  to 
erqiand  the  microcontndler  into  a  fully  functional  microconqMting  engine 
(WSI  1990a).  With  built-in  CMOS  and  low  power  consumption,  the  WSI 
PSD  301  (like  die  HPCT**)  can  functkm  in  both  die  byte  (8-bit)  and  word 
(16-bit)  modes  inteidumgeably.  allowing  mixing  of  data  sizes  and  a  wide 
range  of  addressing  capabilities  (TaUe  1 1).  This  includes  the  partitioning  of 
the  on-chip  EEFROM  (electronically  erasiMe  programmable  read-only 
memory)  (2S6K  as  32K  x  8  or  16K  x  16)  raid  SRAM  (static  rsmdom  access 
memory)  (16K  as  2K  x  8  or  IK  x  16).  The  EEmOM,  divided  into  eight 
equal  mrqipable  blocks  of  either  4K  bytes  or  2K  words,  is  large  oiou^  to  hold 
software  programs  consisting  of  even  the  mo^  lengthy  instruction  sets  of  op 
codes.  The  SRAM  is  spacious  and  flexible  enough  to  be  used  for  almost  any 
combinatitMi  of  onboard  computations  possiUe,  as  well  as  the  direct  access  of 
data  to  and  from  address/data  ports.  As  metdioned  before,  if  not  for  the  hi^y 
integrated  nature  of  the  n.D,  the  microcontroller  design  would  have  to  include 
two  octal  latches,  two  8  x  16K  EPROMS,  two  8  x  IK  SRAMS,  plus  a  field- 
programmable  gate  array  and  at  least  three  separate  port  transceivers  to  even 
approach  duplicating  its  performance. 

All  of  the  hardware  and  software  needed  to  incorporate  the  PSD  301  into  a 
system  is  available  in  a  design  kit  that  irKludes  two  PLCC  (plastic  leaded  chip 
carrier)  version  samples.  The  chip’s  EPROM  is  programmed  by  a  simple 
menu-driven  personal  computer  interface  consisting  of  three  levels:  a  top-level 
menu,  an  environment  in  which  the  user  selects  all  options  and  parameters 
required  for  device  configuration,  and  a  routine  that  controls  the  progranuner 
to  handle  the  actual  programming  of  the  device.  There  are  three  versions  of 
the  301  available,  each  widi  a  different  access  ^)eed  tolerance.  For  use  with 
the  microcontroller  running  at  20  MHz,  the  version  with  the  "fastest”  access 
time  of  120  ns  is  well  within  the  required  timing  limits. 


Program  address  decoder  (PAD) 

The  device’s  operational  mode  is  set  up  by  assigning  on  or  off  values  to 
each  of  45  bits  in  a  non-volatile  configuration  menu  during  the  prograrmning 
phase.  These  bits,  not  accessible  during  program  execution,  control  a  pro¬ 
grammable  address  decoder,  or  PAD,  which  designates  various  functional 
aspects  of  the  chip’s  ports,  control  lines,  and  memory.  Some  of  the  configura- 
timial  bits  assign  active  polarity  levels  for  certain  control  pins  such  as  reset 
and  read/write,  while  others  initialize  the  electronic  status  of  I/O  ports.  A 
security  bit,  when  set  high,  prevents  reading  of  the  PAD  configuration  and  of 
the  internal  code  of  the  PLD.  With  the  CSi  tnt  set  low,  the  301  can  be  put 
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Figure  16.  PLD  block  diagram 
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Tabteii 

PLP  Fttuflt 

■  Saoond  panaraMon  praonawnafala  lyitawi  davica 

fl  Ut#f -conffombte  pcifplMNiri  for  miorooonftfQfer-bMMct  “ir** — 

fi^id  dMiQn  iinplMiNfttiiMon  And  test  tens  to  nustot 

■AvalaUa  in  spaoa-savina  tutfaoa  mount  and  ttvougMtoia  paekagaa 

■Windowod  pactafla  opHon  for  pntolypina 

■  Low-ooat  OTP  (ona-ima  programmablo)  paciiaaa  tor  high-vokima  appCcaions 

■  CMOS  tor  tow  poivor  oonaumptton 

■  Uaar-oonfigurabla  to  intorfaoa  with  any  8-  or  184Mt  miorocontrolor  1 

—  Programnabla  addraaa  daoodar  (PAD)  | 

—  Programmablo  conbol  aignalt  | 

—  Programmabla  polarity  || 

—  Buik-in  addraaa  latchaa  | 

■  Port  axpanaton/raconatrucion  of  up  to  16  I/O  Unaa 

—  Individualy  oonigutablo  aa  output  or  input 

■  Highly  oonligutablo.  many  oparattorad  modaa 

—  MuMplaxad  or  non-muMplaxad  addraaa/data  buaaa 

—  Salactabla  8-  or  16-bit  bua  wicHh 

—  Powar-down 

—  Addraaa  inputa  can  bo  latchod  or  tranaparont 

—  Latchad  tow-otdar  addraaa  byta  availabla  aa  output 

■  High-danaily  UV  EPROM 

—  2S6K  bita  conligurabia  aa  32K  x  8  or  16K  x  16 

—  Dividod  into  aight  aqua!  mappabla  blocha 

—  EPROM  block  raaoiutton  of  4K  bytaa  or  2K  worda 

—  EPROM:  Up  to  120  na  aocoaa  time  (jncludkig  PAD  dacodtog  tima) 

■  Static  RAM 

—  16K  bita  conligurabia  aa2Kx8oraa1Kx16 

—  SRAM:  Up  to  120  na  accaaa  tima  (indudng  PAD  dacodtog  ttow) 

■  Addroaaabla  range 

—  1  Mbyta  or  0.5  Mword 

■  Lew-powar  TTL-compatibla  CMOS  davica 

into  a  power-down  mode  similar  to  the  IDLE  mode  of  the  HPC^**  by  asserting 
the  ^i(chip  select  ii^t)  pin  prior  to  the  IDLE  period.  This  electronic  arul 
fuTiCtional  similarity  creates  the  foundation  for  designing  the  system  so  that  the 
two  chips  operate  as  a  unit  during  entire  deployments. 
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The  assignalde  latdies  and  addresVdata  transceivers  on  board  the  301  allow 
its  control  circuitry  to  e^ablish  the  conflgurational  combinations  necessary  to 
best  use  the  host  processor  (WSI  1990b).  In  ARMS,  the  microcontroller  is 
connected  to  the  n.D  using  a  16-bit  multiplexed  address/data  bus.  This 
arrangement  gets  maximum  perfonnance  out  of  the  direct  16-line  bus  between 
the  two  chips  while  negating  any  (Mher  parallel  connections  to  it  that  could 
compromise  speed  and  noise  immunity  by  introducing  extra  inductive  and/or 
capacitive  loads.  The  other  configurational  settings  are  listed  in  Table  12, 
along  with  brief  descriptions  of  how  they  direct  the  behavior  of  the  301  as 
used  in  the  ARMS  package. 

The  PAD  of  the  301  also  facilitates  the  mapping  of  the  eight  blocks  of 
EPROM,  each  into  any  availaUe  area  of  the  HK7^’s  address  space.  The 
memory  map  of  the  availatde  HPC16004  locations  is  shown  in  Table  13,  not¬ 
ing  that  this  use  of  the  ROMless  version  of  the  microcontroller  opens  up  a 
large  area  for  use  by  the  301  ’s  EPROM,  which  holds  the  ARMS  operational 
software  routines.  The  16000's  reset  vector  address  must  be  between  FOOO 
and  FFFF,  so  the  chosen  operational  program  in  the  EPROM  is  mapped  start¬ 
ing  at  FOOO  with  that  location  as  the  reset  vector  address.  This,  combined  with 


Table  12 

PAD  Configurations 

Configuration 

BilNamo 

Aaaignad  Vaiuo 

Dooeription 

COATA 

1 

16-bit  data  but 

CAOOROAT 

1 

MuHipiexod  address/data 

CRRWR 

1 

RO  and  WR  moda 

CA19/^ 

0 

Power  down  enabled  (or  IDLE;  power  drain  of  50  mA 

CALE 

1 

Addrett  latch  enable  -  high  polarity 

CRESET 

0 

Reset  -  low  polarity 

COM^EP 

0 

Combined  address  space  (or  RAM  &  EPROM 

CPAF2 

0 

Port  A  is  MO  port 

CPAF1 

OOH 

Port  A  it  MO 

CPBF 

FFH 

Port  8  is  MO 

CPCF 

11 

Port  C  chip  select  decodes  8-channel  A/D 

CPACOO 

OOH 

CMOS  I/O  buffer  for  port  A 

CPBCOO 

OOH 

CMOS  I/O  buffer  for  port  8 

CADDHLT 

X 

A16  A19  transparent  -  not  used 

CSECURITY 

0 

For  developmenL  off;  if  released,  on 
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Table  13 

16000/301  Memoiy  Map 

'  . . . 

FFFF:FFFE 

Opatteionte  EPROM 

1 

F001:F000 

PSD  301 

USER  MEMORY  1 

EFFF;EFFE 

Rsaarva  EPROM 

COOliCOOO 

PSD  301 

USER  MEMORY 

BFFF:BFFE 

External  Eipansion 

1 

5001:5000 

Mamory 

USER  MEMORY 

4FFF:4FFE 

Rasarvad 

HPC™ 

Davalopmani 

3001:3000 

BoMtl  Monitor 

2FFF:2FFE 

External  Eiqpansion 

0701:0700 

Mamory 

USER  MEMORY 

06FFO6FE 

PSD  301  SRAM 

USER  MEMORY 

0301:0300 

02FF:02FE 

On-Chip  RAM 

HPC  16004 

USER  RAM 

0201:0200 

(512-byla  vartion) 

OlFFfllFE 

On-Chip  RAM 

01C1:01C0 

HPC  16000 

USER  RAM 

OOBFXXIBE 

On-Chip  RAM 

0001:0000 

HPC  16000 

USER  RAM 

the  PAD’S  ability  to  also  map  I/O  ports  and  configure  chip  select  outputs, 
allows  the  CPU  to  boot  up  at  the  proper  location  with  the  necessary  combina¬ 
tions  of  control  and  I/O  lines  to  run  each  different  routine  effectively.  The 
same  flexibility  exists  in  ms^jping  the  static  RAM  locations,  with  correspond¬ 
ing  control  signals  and  I/O  to  implement  the  many  different  data  manipulation 
functions  availaUe  witiiin  the  architecture. 


Port  expansion 

The  pin-by-pin  assignability  of  the  ports  as  chip  selects  or  other  I/O  pro¬ 
vides  direct  access  from  the  digitization  hardware  (used  to  decode  the  high 
frequency  return  signals  fnxn  the  acoustic  instruments)  directly  into  RAM 
locations  without  branching  off  the  main  address/data  bus.  This  reconstructive 
port  expansion  not  only  allows  running  of  a  wider  variety  of  non-interruptive, 
high-speed  reading  algorithms,  but  also  frees  up  other  ports  on  both  the  micro¬ 
controller  and  the  PLD  for  more  efficient  combinational  clustering  of  external 
components,  such  as  gain  control  D/A  converters  and  intelligent  power  supply 
modules.  Combined  witii  the  numerous  timer  outputs  of  the  HPC^^,  this 
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permits  a  large  variet>  of  intelligent  triggering/switching  of  external  devices 
and  signal  conditioning  circuitry,  using  a  minimum  of  additional  components 
and  keeping  the  crucial  chip  overhead  and  power  consumption  low.  The  use 
of  an  8-channel  CMOS  A/D  converter  controlled  by  the  chip  select  outputs 
allows  the  entire  control  circuit  to  draw  currents  in  the  milliampere  range. 
Since  this  entire  control  circuit  of  ARMS  is  roughly  the  size  of  a  pack  of 
cigarettes,  all  chips  and  their  passive  components  leave  room  to  spare  on  a 
4-1/2-in.  by  4-in.  pressure-container-sized  circuit  board.  All  detailed  electronic 
schematics  and  board  layouts  are  included  in  Appendices  A  and  B. 


Analog/Digital  Conversion 

The  microcontroller  and  its  PLD  are  so  well  optimized  in  both  size  and 
power  drain  that  similar  economy  in  the  rest  of  the  ARMS  control  circuit  is 
essential  to  prevent  the  compromise  of  the  enhanced  performance.  Their  sup¬ 
porting  circuitry  must  also  provide  the  same  multiftmctional  yet  micropowerful 
attributes.  Many  analog-to-digital  converters  (ADC’s)  have  specifications  that 
fulfill  the  general  requirements,  but  again,  one  device  in  particular  has  design 
features  that  make  it  a  perfect  match  for  the  ARMS  package. 

Design 

All  of  the  information  measured  by  ARMS  is  in  analog  fom.  After  prelim¬ 
inary  signal  conditioning  to  boost  the  individual  instruments’  outputs  into  the 
appropriate  voltage  range,  these  signals  must  be  converted  into  digital  data  for 
transfer  and  storage  onto  both  solid-state  and  magnetic  media.  To  avoid  the 
peculiarities  as  well  as  the  redundancy  of  using  individual  ADC’s  for  each 
instrument,  a  single  device  converts  all  outputs.  This  also  saves  board  space 
and  lowers  power  consumption. 

The  Maxim  Integrated  Products  MAX  158  (Maxim  Integrated  Products 
1988)  is  a  complete  eight-channel  data  conversion  system  (Figure  17).  Its 
analog  signal  inputs  are  fed  through  separate  track/holds  into  an  eight-channel 
multiplexer.  These  and  a  precision  external  reference  circuit  are  all  contained 
on  chip,  thus  eliminating  ^  but  the  most  specific  components  upstream  and 
requiring  only  two  capacitors  to  complete  the  chosen  reference  configuration 
(Figure  18). 

At  the  interface  between  the  ADC  and  the  microcontroller/PLD  pair,  the 
A/D  converter  appears  as  a  memory  location  or  input  port.  Thus,  no  other 
logic  is  required,  and  the  digital  data  outputs  connect  directly  to  one  of  the 
PLD’s  multipurpose  address/data  ports  through  internally  latched  tristate  buff¬ 
ers.  The  input  channel  selection  of  the  MAX  158  is  also  supplied  directly 
from  another  of  the  PLD’s  ports  configured  as  a  3-bit  coded  chip  select 
(Table  14). 
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The  digital  interface  between  the  controller  and  converter  can  be  configured 
into  two  different  timing  modes:  one  uses  microcontroller  wait  states  and  the 
other  does  not  Either  may  be  utilized  in  various  ARMS  software  scoiarios. 
although  the  preference  for  precise  real-time  performance  of  die  CPU  excludes 
the  excessive  use  of  wait  states  in  most  routine  operations.  The  direct  control 
of  the  conversion  and  transfer  process  is  asserted  by  the  timer/PWM  outputs  of 
the  microcontroller.  These  outputs  are  also  used  to  trigger  the  profilometer, 
thus  avoiding  the  introduction  of  intermediate  devices  and  their  propagation 
delays  and  other  timing  bup  into  the  synchronous  procedure.  Timing  dia¬ 
grams  and  electrical  schematics  are  found  in  Ai^ndices  B  and  C. 


Speed  and  compatibility 

No  external  clock  is  necessary  to  provide  an  overall  timing  sequence  for  the 
MAX  158.  Only  the  chip  select  (CS)  and  read  (RD)  inputs  are  used  to  control 
the  conversion  process.  When  CS  and  RD  are  asserted  by  the  CPU,  the  chan¬ 
nel  address  is  read  and  the  digital  conversion  of  its  analog  input  begins, 
respectively.  After  a  quick  pair  of  4-bit  half-flash  conversions  of  the  input 
voltage,  an  8-bit  digital  value  is  latched  about  2.4  ms  after  ccmversion  initial¬ 
ization  (Figure  19).  The  latched  binary  number  is  then  accessed  in  the  output 
buffers  before  the  control  lines  rise  to  reactivate  their  high  impedance  states. 
This  rapid  and  controlled  conversion  process  is  fast  enough  to  consume  less 
than  one  fourth  of  the  time  necessary  to  obtain  the  smallest  increment  of 
incoming  data,  leaving  plenty  of  duty  cycle  free  for  other  manipulations  and 
transfers. 


Figure  19.  ADC  timing  diagram 
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The  CMOS  architecture  of  the  MAX  1S8  permits  direct  connecticm  of  all 
pins  to  those  of  the  HPC  16000  and  the  PSD  301.  The  associated  -fS-VDC 
sup(dy  arul  logic  levels  and  low  power  requimnents  are  also  ctunparable. 
allowing  the  three  chips  to  function  as  a  comidetely  self-cmitained  unit  With 
the  microcontroller,  n.D,  ADC,  and  their  passive  components  on  one  circuit 
board,  the  oitire  board  can  be  switched  on  and  off  independently  of  the  other 
ARMS  circuitry  or  may  be  completely  removed  for  testing  or  installation  into 
another  compatible  circuit  board  chassis. 


Controller  Board 

Board  layout 

The  microcontroller,  PLD,  and  ADC  are  packaged  in  64-pin  PGA  (pin  grid 
array),  44-pin  PLCC,  and  28-pin  DIP  (dual  in-line  plastic  package),  respec¬ 
tively.  The  chips  are  physically  installed  in  mating  sockets.  The  sockets  are 
wired  and  soldered  into  place  on  the  controller  circuit  board.  All  electronic 
connections  are  made  before  the  chips  are  inserted.  This  common  practice 
prevents  catastrophic  static  damage  during  the  wiring  process,  as  well  as  avoid¬ 
ing  the  conduction  of  soldering  heat  throu^  the  pins  into  the  delicate  1C  itself. 
Prewiring  also  allows  unlimited  testing  of  tire  wire  conirections  and  passive 
components  prior  to  adding  the  chips,  thus  possibly  preventing  damage  to  the 
latter  at  power  up. 

The  three  chip  sockets  are  arranged  to  take  the  best  possible  advantage  of 
the  individual  pin  assignments  and  their  positioning  relative  to  physical  termi¬ 
nation  of  each  conductor  (Figure  20).  Tire  microcontroller  and  PLD  are 
centered  on  the  4-1/2-  by  4-in.  board  surrounded  by  the  20-MHz  crystal, 
capacitors,  and  resistors.  The  ADC  is  located  between  the  PLD  and  the  edge 
connector,  so  that  all  conirections  to  it  from  tire  signal  conditioning  board 
through  the  edge  connector  are  kept  as  short  as  possible  to  minimize  system 
noise. 


Connectors/components 

The  BASS  carriage  employs  3S-pin  Elco-style  edge  connectors  as  the  units 
of  the  chassis  backfdarre  (or  motherboard).  Wired  together,  they  carry  signals 
and  supply  voltages  between  individual  circuit  boards.  These  comrectors  pro¬ 
vide  an  extremely  secure  footing  and  good  constant  electrical  contact  between 
the  pins  and  captive  receptacles.  They  are  designed  specifically  for  printed 
circuit  boards,  although  they  sacrifice  some  of  the  accessibility  to  the  connec¬ 
tor  and  lower  pait  of  the  circuit  board  itself.  For  the  ARMS  circuit  boards,  a 
more  conventional  44-pin  double-fingered  slot  is  employed  for  added  access 
during  field  inspection  and  repair.  The  circuit  boards  are  double  secured  by  a 
pair  of  lateral  clamps,  which  restrict  movement  even  in  violent  buffetings. 
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Signal  Conditioning 


This  part  addresses  the  ^wcific  signal  conditioning  requirements  of  the 
instruments  directly  controlled  by  the  ARMS  CPU. 


Requirements 

The  profilometer.  pressure  transducer,  thermistor,  compass,  inclinometer, 
and  OBS  all  have  analog  signal  characteristics  diat  require  ordy  a  minimal 
amount  of  pre-coiditioning  prior  to  digitization  (die  BASS  and  HANDSS 
serial  outputs  are  preprocessed).  The  signals  are  routed  to  a  dedicated  signal- 
conditimiing  circuit  board.  Each  ouqmt  is  individually  buffered  and  amplified 
into  a  standard  analog  voltage  range  upstream  of  the  ADC  on  die  craitroller 
board.  This  fiirdier  exploits  die  modular  board  concqit,  while  spatially  and 
electronically  isolating  the  transducers  from  the  control  circuitry  and  providing 
immunity  from  noise  and  surge. 


Profilometer 

The  profilometer  is  a  self-conditioned  unit  that  performs  the  entire  transfor¬ 
mation  of  the  faint  3-MHz  echoes  into  a  0-  to  5-VDC  represoitative  signal. 
This  output  is  an  analog  time  series  cone^nding  to  the  reflected  sound  inten¬ 
sity  from  points  incrementally  distant  along  the  insonified  path.  These  returns 
must  be  range-gated  into  discrete  spatial  bins  prior  to  digitization  on  the  con¬ 
troller  board.  The  range-gating  circuit  must  also  integrate  the  total  reflected 
signal  strength  returning  from  each  range  bin  during  the  sampling  procedure. 
By  using  two  separate  integrators,  die  complete  profile  signal  can  be  enumer¬ 
ated.  This  is  crucial  to  thorough  interpretation  of  total  mass  transport  at  the 
boundary  layer  site.  This  format  is  slighdy  differoit  fiom  traditional  sampling 
theory,  wherein  a  signal  is  sampled  discretely  at  a  finite  number  of  points, 
forming  an  averaged  representation  of  die  original.  The  integrators  allow  the 
generation  of  a  bin-averaged  input  to  the  ADC.  This  mediod  permits  the  ADC 
to  operate  at  lower  frequencies  while  achieving  similar  resolution. 

Digital  irtteraction  is  also  requited  between  the  control  circuit  and  the  pro- 
filometer,  channeled  through  the  signal  conditioning  board.  The  lengdi  and 
position  of  die  range  bins  are  software-controlled  by  precise  clocking  lines 
coining  directiy  from  the  microcontroller.  The  overall  repetition  rate  of  the 
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trigger  and  listen  sequences  for  ensonble  averaging  of  the  sanqded  profiles  is 
similarly  synchronized.  The  digital-to-analog  converter  (DAQ  diat  trmsUaes 
digital  gain  control  information  into  the  appioixisde  {xofilmneter  levels  is  also 
mounted  cm  the  signal  conditioning  board  so  that  it,  like  the  other  inrtiummits 
and  their  dedicated  circuitry,  may  be  powered  down  when  not  in  use. 


Other  instrumentation 

The  other  analog  instruments  in  the  ARMS  ensemtde  do  not  require  the 
level  of  interactive  control  that  the  profilometer  does.  Their  signals  are  close 
to  the  working  range  of  the  system  ADC  and  most  need  only  protective  isola¬ 
tion  and  buffering  before  being  sampled.  The  thermistor  and  compass  outputs 
consist  of  variable  resistances  arul  require  simple  analog  circuits  for  coiversim 
and  amplification  into  a  usable  voltage  range  aboard  the  signal  omditioning 
board. 


Specialized  Profilometer  Circuitry 

Keying 

The  sampling  sequence  of  the  profilometer  begins  with  a  S-V  key  pulse  that 
triggers  the  transmitter,  which  in  turn  emits  a  10-psec-long,  3-MHz  tone  burst 
out  through  the  transducer.  The  key  pulse  is  provided  by  the  microcontroller 
from  one  of  the  timer  output  ports.  This  timer  pulse  is  triggered  repetitively  at 
precisely  spaced  intervals  under  command  from  the  control  software  program. 
On  the  signal  conditioning  board,  the  key  pulse  is  buffered  through  a  Schmitt 
trigger  IC  as  it  is  sent  to  the  ACP  transmitter.  This  circuit  both  isolates  the 
profiler  from  the  microcontroller  and  sharpens  the  rising  edge  of  the  pulse  to 
ensure  clean  triggering  of  the  device. 


Signal  Integration 

The  conditioning  of  the  incoming  profilometer  signal  requites  a  combina¬ 
tion  of  synchronized  switching  and  rapid  integration  over  small  time  intervals. 
These  intervals  correspond  to  the  len^  of  time  it  takes  for  sound  to  traverse  a 
profile  range  bin.  After  each  triggering,  there  is  a  short  delay  to  eliminate  the 
extreme  near-field  letuming  echoes.  Then  a  pair  of  switched  integrators 
(Rgure  21)  alternately  parcel  the  signal  train  into  range-bin  size  increments. 
The  switching  of  the  integrators  is  clocked  by  additional  timer  outputs  from 
the  microcontroller  running  under  the  same  synchronous  command  sequence 
beginning  with  the  key  pulse.  These  control  lines  activate  the  integrator  hold 
and  reset  the  switches  s^propriately  (Figure  22). 
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Figure  21 .  Switched  integrator  block  diagram 


This  is  (kme  with  a  minimum  of  hardware  connections  on  the  signal  ctnidi- 
timiing  board  to  heighten  isolation  from  digital  noise  and  stray  voltage  inter¬ 
ference.  Additional  circuit  schematics  and  timing  diagrams  are  located  in 
Appendices  B  and  C. 


Profile  data  transfer 

The  integrated  range-gated  profile  is  fed  alternately  into  two  sq>arate  chan¬ 
nels  of  the  system  ADC  on  die  microcontroller  board.  The  select  switch  of 
each  integrator  circuit  is  closed,  while  the  track/hold  of  the  converter  captures 
the  agnal  voltage,  also  under  sequence  tuning  control.  The  ADC  digitizes  and 
sends  the  tunary  value  directly  into  crnitroUer  memory  wliile  the  select  and 
hold  switches  are  opened,  allowing  the  integrator  to  be  reset  to  zero.  The 
circuit  is  now  ready  to  process  the  next  range  bin  \tdule  die  other  channd  is 
rqieating  the  above  procedure.  This  sequential  procedure  feeds  the  profile  data 
into  memory  in  real  time,  which  is  fast  enou^  to  incorporate  the  necessary 
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MODE  OF  OPERATION 

SWITCH 

Integrate 

Hold 

Reset 

Hold  Switch 

ON 

OFF 

ON/OFF 

Reset  Switch 

OFF 

OFF 

ON 

ON:  Switch  shorted;  Logic  0  input  OFF:  Switch  open;  Logic  1  input. 


Figure  22.  Integrator  nwde  of  operation 


ensemble  averaging  computations  directly  into  die  timed  sampling  sequence. 
At  the  end  of  the  averaging  period,  the  averaged  bin  values  are  available  in 
accessible  memory  for  monitoring  and  transfer  to  long-term  storage  on  tape. 


Gain  control 

The  profUometer  has  an  external  gain  input  that  is  used  to  control  the  sensi¬ 
tivity  of  die  device.  The  gain  is  regulated  by  a  voltage  ^lied  across  die 
irqxits  ranging  from  a  +15-VDC  maximum  to  a  0-V  minimum.  Maximum 
gain  is  desirable  to  discern  extremely  low  ccmcentrations  and/or  small  particles. 
In  highly  reflective  conditions,  the  gain  may  be  lowered  to  avoid  blooming, 
(i.e.,  overwhelming  the  profile  with  statistically  inconsistent  large  readings). 

The  gain  voltage  is  provided  by  a  4-bit  DAC  mounted  on  the  signal  condi¬ 
tioning  board.  The  DAC  may  be  disabled  to  supfdy  a  fixed  gain  manually  or 
set  by  DIP  switches  at  the  data  inputs  or  enabled  to  respond  to  intelligent 


52 


Chaplar  7  Signal  Concfitioning 


direction  from  the  controller  circuitry  (Figure  23).  The  latter  scouuio  relies  on 
running  computations  on  the  statistical  stnicture  of  the  individual  nuige  to 
values  by  the  microcontroller.  If  the  gain  is  changed,  the  corrected  binary 
value  is  fed  duough  a  crmtroller  data  port  to  the  DAC.  which  in  turn  sends  the 
adjusted  level  to  the  gain  itqwL 


Figure  23.  DAC  block  diagram 


Other  Conditioning  Circuits 

HIgMevel  signals 

As  mentioned  above,  the  instruments  with  output  voltage  levels  directly 
compatible  with  the  0-  to  +S-V  input  range  of  the  ADC  require  little  in  the 
way  of  signal  conditioning.  The  pressure  transducer,  irKlinometer,  transmisso- 
meter,  and  OBS  must  be  impedance  matched  to  their  ADC  channels.  Their 
signals  are  therefore  buffered  through  individually  isolated  unity  gain 
amplifiers  on  the  signal  conditioning  board.  Each  signal  is  sampled  sufTi- 
ciendy  by  the  converter  track/hold  input,  eliminating  the  need  to  provide  that 
liincdon  externally  in  the  preconditioning  circuitry.  A  schematic  of  the  buffer 
circuit  is  shown  in  Figure  24. 


Low  level  signals 

The  compass  and  thermistor  are  instruments  utilizing  variable  resistance  to 
reflect  changes  in  observed  bearing  and  temperature,  respectively.  They 
require  simfde  circuits  to  convert  their  resistive  values  into  the  working  ADC 
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Figure  24.  Unity  gain  amplifier  circuit 

range  i»ior  to  sam|fling  and  digitizing.  Each  instniment’s  resistor  circuit  is 
incorporated  directly  into  an  individual  vdita^  amidifier  (Figure  25)  to  pro¬ 
vide  isolated  ou^Hits  in  the  0-  to  -t-S-V  range  (Jung  1978).  These  outputs  feed 
directly  into  designated  ADC  channels,  where  they  are  samfded  and  converted 
like  the  other  analog  voltage  signals. 


Figure  25.  Thermistor  conversion  circuit 
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Signal  Conditioning  Board 


The  signal  conditioning  circuit  board  is  ananged  with  the  individual  instru¬ 
ment  circuits  placed  side  by  side  above  the  edge  connector  conductors  diat 
carry  each  conditioned  output  to  the  ADC.  The  instrument  cables  are  attachf^d 
to  small  coiuiectors  at  the  top  end  of  each  circuit  This  configuraticm 
(Hguie  26)  prevents  crossing  of  sigiud  lines  while  providing  a  distingiiishahip 
visual  identihcation  of  eadr  circuit;  this  is  valuable  for  testing  and  repair  oper¬ 
ations.  The  complete  cabling  and  schematic  diagrams  are  included  in 
Appendices  B  and  C. 
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8  Power  Control 


Overview 

In  fidd  dqdoyments,  ARI^  must  idy  (m  a  limited  battay  power  sq)ply  to 
nm  all  instniments  and  suppoiting  drcuitiy.  Many  elements  diat  aim  to  reduce 
power  cmisumption  without  sacrificing  data  acquisition  pmfoimance  are 
employed  in  the  system’s  design.  Several  of  these  have  been  discussed, 
including  low  voltage  field  instruments,  CMOS  drcuitiy,  and  hybridized  IC 
chips. 

Another  way  to  achieve  overall  energy  effidency  is  die  intelligent  switdi- 
ing  of  distribute  power  to  each  system  subdivisiotL  Power  control  is  tqiplied 
in  ARMS  over  two  distinct  hieraidiies.  Rrst,  die  individual  instruments  them¬ 
selves  are  switched  on  only  when  necessary.  Recent  design  advances  have 
provided  small  distributed  power  supplies  that  increase  noise  immunity  by 
eliminating  lengthy  conductors  carrying  "dean"  condidoned  current  Instead, 
raw  battery  power  is  switched  under  controller  direction  to  each  local  DC-DC 
converter  separately  (Hgure  27).  This  allows  instruments  and  their  signal 
conditioning  circuits  to  be  deactivated  in  case  of  component  failure,  as 
detected  by  instrument  status  chedcs  in  a  software  feedback  routine.  Error 
detection  ^us  hdps  to  prevoit  component  damage  and  excessive  battery  drain 
of  a  shorted  connection  wittiout  using  a  myriad  of  fuses,  one  for  each  small 
circuit 

The  second  distinct  hierarchy  of  switching  control  is  power  control  of  the 
entire  system.  There  are  intervals  during  continuous  data  collection  whoi 
certain  measurements,  such  as  tripod  bearing  and  tilt  may  be  suspended  while 
the  others  operate.  There  are  also  situations  when  tiie  whole  system,  excqrt 
for  a  timekeeping  clock  chip,  shuts  down  to  stretch  battery  life  as  well  as  tape 
capacity.  Sampling  schemes  (also  under  software  control)  may  be  temporarily 
stagger^.  The  syston  may  also  sample  conditionally  by  activating  only  occa¬ 
sionally  to  measure  certain  key  parameters  (e.g.,  vekwities  or  wave  heists)  to 
determine  whether  they  are  above  assigned  threshold  values;  if  so,  tiie  entire 
system  begins  acquiring  data  until  the  observed  activity  dies  off  oiough  to 
warrant  idling  down  again,  or  "sleeping,"  until  the  next  interesting  episode. 
This  multiple-scenario  flexibility  allows  ARMS  to  be  programmed  for 


56 


Chaplor  8  Paw»r  Control 


TIMER  / 

CONTROL 

voltage 

REGULATORS 


VR 


VR 


Q. 

CJ 


in 

in 

4 

m 


BATTEflr 

SUPPLY 


POWER 

SNITCHING 


VR 


VR 


in 

cn 

a 

z 

•< 


GC  i|j 
O  ff 

w  5 
cn 

cr  cc 

;Ui  £ 


VR 


VR 


cr 

Ui 

cn 

UJ 

C/) 

X 

o 

Q. 

X 

z 

o 

_J 

o 

z 

2^ 


cn 

CD 

o 


Figure  27.  Distributed  power  diagram 


any  reasonable  custom  sampling  schedule  and  is  made  possiUe  by  controlled 
power  switching. 


Switching  Schemes 

Acoustic  Instruments 

The  two  instruments  that  output  serial  data  streams,  BASS  and  HANDSS, 
feed  directly  into  the  controller  serial  interface  and  require  very  little  power 
switdiing  hardware.  A  high-level  switch  activates  them  indepoidently  when 
instructed  by  the  controller  and  they  inunediately  begin  transmitting  data  to 
their  designated  receiver  ports.  This  ease  of  control  makes  using  the  vdocity 
readings  even  more  attractive  for  providing  conditiond  threshold  level  determi¬ 
nation.  While  the  grain  size  distribution  may  also  be  used  to  trigger  the  Sys¬ 
tran,  its  observed  response  to  changing  conditions  is  sometimes  more  indirect 
and  delayed.  The  HANDSS  device  is  usually  switdied  on  intermittently, 
because  continuous  grain  size  measurements  over  an  entire  deploymrait  are 
rarely  necessary. 

The  profilometer  and  its  signal  conditioning  circuitry  are  supplied  by  a 
single  power  switch,  so  that  both  operate  together.  After  the  controller  drcuit 
has  berai  activated,  it  zeroes  die  digital  outputs  to  the  profilometer,  switdies 
the  latter  on,  and  initializes  all  outputs  for  the  beginning  of  samfding.  The 
data  ports  to  the  gain-control  DAC  are  tri-state  and  are  initialized  in  the  high 
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impedance  state,  preventing  damage  firom  stray  voltage  qalces.  The  piufilo* 
meter  and  BASS  run  continuously  during  data  collection,  unless  a  problem  is 
detected  by  the  controller,  since  their  measurements  are  fundamental  to  observ¬ 
ing  the  local  hydrodynamics. 


Pressure/temperature 

The  pressure  and  temperature  sensors  usually  tun  continuously  during  data 
collection.  Both  are  activated  along  with  their  respective  signal  amditioning 
circuits  by  separate  power  switches,  which  allow  either  to  be  shut  down  if 
necessary.  The  pressure  circuit  is  a  good  candidate  for  a  conditional  sampling 
threshold  detection  trigger  since  it  gives  a  direct  indication  of  surface  wave 
activity.  It  may  be  switched  on  with  other  instruments  to  provide  multiple  sets 
of  vit£d  readings  for  inspection  and  comparison  by  the  cmiditional  software 
program.  Unlike  the  profilometer,  the  pressure  aral  temperature  circuits  do  not 
require  digital  timing  outputs  from  tlie  controller,  so  lu)  specific  pre-switching 
initialization  is  required. 


Tllt/dIrectlon/TSM 

The  ancillary  devices  are  seldom  used  continuously  and  are  switched  on 
only  when  necessary.  The  inclintaneter  and  compass  and  their  signal  condi¬ 
tioning  circuitry  are  activated  by  a  common  power  supply  switch,  because  they 
are  usually  queried  in  tandem.  The  OBS  is  switched  separately,  because  it 
may  be  run  continuously  with  the  profilometer  or  intermittently  with  the  grain 
size  device.  These  anciUary  instruments,  which  require  no  control  lines  otKe 
activated,  are  wired  directly  into  the  system  ADC. 


Controller  power 

The  power  supply  for  the  system  controller  is  always  enabled;  this  he4>s  to 
avoid  sporadic  interruption  during  program  execution.  The  controller  circuit  is 
placed  into  an  idle  mode  using  programmed  criteria  fed  into  a  timekeeping  IC. 
When  finished  with  a  sampling  run,  the  controller  shuts  all  instrument  power 
switches  off  and  then  activates  the  timekeeping  circuit  This  timer  asserts  the 
appropriate  control  lines  to  idle  the  controller  chips  and  counts  down  until  the 
next  run.  When  the  sleep  time  has  elapsed,  the  timer  awakens  the  controller 
and  triggers  program  execution.  A  small  power  switch  turns  the  ADC  off  and 
on  when  the  controller  idles  and  restarts,  respectively.  The  timing  and  circuit 
diagrams  are  located  in  Appendices  B  and  C. 


Power  Control  Board 


Like  the  signal  conditioning  board,  the  individual  power  switches  are  placed 
side  by  side  on  the  power  control  circuit  board  (Figure  28)  to  line  up  with  the 
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Figure  28.  Power  board  layout 


corresponding  conditioning  circuits  on  the  former.  Again,  this  eliminates  cros¬ 
sing  of  activated  power  lines  and  provides  visually  separated  circuits  for  indi¬ 
vidual  testing  and  repair.  The  switches  arc  located  near  the  upper  end  of  the 
circuit  board,  above  the  DC  voltage  converters  which  reside  next  to  the  edge 
connector.  The  supply  voltages  to  the  signal  conditioning  board  arc  routed 
along  the  edge  connector. 

The  inputs  to  the  switches  are  raw  +24-VDC  battery  supply.  When  the 
batteries  are  connected  to  the  ARMS  package,  the  controller  initializes  itself 
and  then  successively  activates  each  power  switch  and  queries  the  correspond¬ 
ing  instrument  Once  all  instruments  are  switched  on  and  checked,  the  control¬ 
ler  begins  executing  the  preprogrammed  sampling  routine,  switching  itself  and 
the  instruments  accordingly.  As  stated  above,  when  the  sampling  run  is  over, 
the  controller  switches  off  each  instrument  and  puts  itself  into  idle  mode.  All 
electronic  schematics  and  connection  diagrams  are  included  in  Appendices  B 
and  C. 
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9  ARMS  Hardware  Chassis 


Pressure  Container 

The  ARMS  and  BASS  circuitry  reside  in  a  conunon  pressure  housing  sup¬ 
plied  with  the  BASS  system.  The  pressure  housing  is  a  cylindrical  steel  pipe 
section  with  milled  en^  that  accepi  steel  end  c^.  The  end  ct^K  have  internal 
circumferential  0-rings  that  facilitate  placement  into  die  cylinder  and  seal  the 
container.  The  ctqis  are  secured  with  external  tensioned  ring  clamps.  The 
pressure  container  is  rated  for  use  at  pressures  up  to  3,000  psi.  aldwugh  the 
safe  working  depth  range  of  the  entire  system  is  down  to  100  ft  For  deeper 
defdoyments,  extra  recovery  device  must  be  added  to  the  tripod,  which  com¬ 
promise  its  ability  to  make  the  delicate  readings  it  was  designed  for. 

The  design  of  the  end  cap  makes  use  of  two  contact  surfaces  between  it  and 
the  pressure  cylinder  itself.  The  internal  "plug”  side  of  the  cap  is  fitted  with  a 
circumferential  O-ring  that  forms  a  seal  between  it  and  the  internal  cylinder 
wall  (Figure  29).  A  second  O-ring  is  placed  loosely  in  a  groove  around  the 
iruier  face  of  a  flange  on  the  outer  edge  of  the  end  cap  that  mates  flush  with 
the  end  of  the  cylinder.  Whoi  the  end  cap  is  clamped  into  place,  the  O-ring  is 
captured  in  its  groove  between  the  two  machined  faces.  This  provides  a  sec¬ 
ondary  seal  that  serves  to  isolate  the  primary  inner  seal  Pressure  container 
dimensional  drawings  are  found  in  Af^ndix  A. 


BASS  Chassis 

The  BASS  electronics  are  mounted  on  printed  circuit  boards  that  plug  into 
parallel  edge  coruiectors  mounted  on  a  metal  diassis.  The  chassis  is  mounted 
rigidly  to  the  inside  face  of  the  pressure  container  end  cap  that  is  equipped 
with  underwater  bulkhead  connectors  mounted  on  the  external  face,  llie  chas¬ 
sis,  with  circuit  boards  in  place,  is  aligned  with  the  axis  of  the  pressure  cylin¬ 
der  and  slid  gently  in  until  the  end  cap  lip  meets  the  end  of  the  cylinder. 

Four  of  the  bulkhead  connectors  cany  signals  to  each  of  the  four  BASS 
cages.  They  are  directly  connected  to  four  sets  of  analog  receiver  and 
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Figure  29.  BASS  end  caps 


transmitter  circuit  boards  in  the  eight  edge  connector  slots  closest  to  the  end 
ctq).  The  coaxial  cable  connections  are  shortened  and  secured  to  prevent  dam¬ 
age  and  electrical  interference.  This,  however,  makes  ttieir  positioning  semi¬ 
permanent  and  it  is  recommended  that  the  analog  boards  and  coiuiections  be 
removed  only  if  electrical  problems  occur. 

The  analog  boards  are  electronically  connected  to  timing  and  CPU  boards 
with  insulated  wires  that  span  their  edge  connectors  in  parallel  fashion.  The 
timing  boards  process  the  received  signals  and,  under  cmtrol  of  the  CPU 
board,  translate  them  for  digitization.  The  ADC  that  digitizes  the  translated 
signal  voltages  for  serial  transmission  is  on  the  small  Tattletale  board  piggy¬ 
backed  to  the  CPU  board.  The  GPU  board  is  protected  by  a  plate  fastened  to 
the  internal  end  of  the  chassis.  Chassis  layouts  and  wiring  diagrams  and 
dimensional  container  infonnation  are  presented  in  Appendices  A,  B,  and  C. 
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ARMS  Chassis 


The  ARMS  ’  :uitfy  is  housed  on  circuit  boards  similar  in  shape  to  those  of 
the  BASS.  T  «  also  fit  into  edge  connectors  that  transfer  signals  and  volt¬ 
ages  between  ooards.  The  edge  omnectors  are  mounted  on  a  chassis  that  is 
attached  to  the  inside  of  the  other  end  cap  of  the  BASS  pressure  housing. 

When  inserted  to  the  opposite  end  of  the  pressure  cylinder,  the  chassis  fills  the 
space  left  by  the  BASS  chassis,  with  enou^  room  between  the  two  protective 
chassis  end  plates  to  accept  excess  cable  lengths  when  the  container  is  sealed. 

The  circuit  boards  are  arranged  according  to  their  functkms  and  necessary 
connections.  Closest  to  the  end  cap  is  the  controller  board,  located  there  to 
isolate  it  from  the  BASS  and  other  ARMS  boards.  It  also  requires  no  connec¬ 
tions  other  than  the  edge  connector  itself.  Next  to  it  is  a  seri^  communica¬ 
tions  board  that  houses  the  receiver  and  transmitter  drivers  controlled  by  the 
microcontroller  UART.  The  signal  conditioning  board  is  next  in  line  with 
instrument  cable  connectors  along  the  top  edge  of  the  board.  The  last  board, 
next  to  the  protective  end  {date  of  the  chassis,  is  the  power  switching  board, 
located  between  BASS  and  ARMS  to  provide  power  to  both  without  running 
power  lines  any  further  than  necessary.  All  associated  diagrams  are  located  in 
Appendices  A,  B,  and  C. 


Internal  Connectors 

Several  sets  of  internal  cables  and  connectors  transfer  non-edge  connector 
signals  between  circuit  boards.  One  pair  of  conductors  runs  from  the  BASS  to 
the  ARMS  chassis,  one  carrying  power  to  the  BASS  and  the  other  carrying  the 
serial  velocity  data  to  the  communications  circuitry.  The  rest  of  the  internal 
cables  run  from  five  other  bulkhead  connectors  on  the  BASS  end  cap  to  boards 
in  the  ARMS  chassis.  One  carries  power  and  serial  data  to  the  tape  housing 
from  the  power  and  communications  boards,  respectively.  A  second  carries 
signals  to  and  from  the  profilometer  and  the  power  and  signal  conditioning 
boards.  A  third  carries  tilt  and  bearing  signals  and  power  lines  between  the 
compassfinclinometer  housing  atop  the  BASS  cage  array  and  the  ARMS 
boards.  A  fourth  and  fifth  transfer  power  to  and  signals  from  the  HANDSS 
and  OBS.  All  internal  cabling  diagrams  are  included  in  Appendix  C. 


External  Connectors 

The  five  bulkhead  connectors  mentioned  above  accept  the  underwater 
cables  that  r\m  from  the  external  instruments  to  the  BASS/ARMS  pressure 
housing.  Cables  run  directly  between  all  of  the  underwater  containers  except 
for  the  tape  housing.  The  cable  between  ARMS  and  this  housing  carries  serial 
data  to  the  Uqie  and  power  to  the  ARMS  circuitry.  The  cable  also  carries 
additional  serial  lines  in  and  out  of  the  ARMS  package.  These  are  relayed 
through  the  tape  housing  and  fed  through  a  separate  cable  connecting  the 
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system  to  ttie  opentor  inteiftoe.  This  connectkm  allows  monitoring  the  data 
stream  into  the  tape  drive  as  well  as  interactive  control  and  inspection  of  the 
ARMS  circuitry,  both  prior  to  deployment  and  while  testing  is  under  way. 

The  external  battery  si^y  lines  are  fed  through  the  tape  housing  in  a  similar 
manner.  All  cabling  diagrams  and  connector  drawings  are  included  in 
Appendices  A  and  B. 
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Streaming  Tape  Drive 

In  fidd  dqdoyments,  a  data-intensive  system  like  ARMS  can  acquire  a 
large  amount  of  infoimatirm  quiddy.  Drawing  current  within  die  tiattery- 
supfdied  power  range  Ddiile  accqidng  and  storing  large  data  sets  at  hi^ 
transfm^  rates  is  a  difficult  task.  Technologies  are  advancing  in  die  fields  of 
solid-state  memory  and  disk  drives  to  die  point  whne  bodi  are  becmning  rug¬ 
ged.  small,  fast,  a^  efficient  enou]^  to  be  omsidmed  for  use  in  field  enviton- 
moits.  For  the  present,  storage  versus  power  versus  size  cmisiderations  point 
to  the  streaming  tsqie  drive  for  long-tmm  mass  storage  of  ARMS  data. 

The  Sea  Data  HCR-660  High  Capacity  Recorder  (Sea  Data  1986)  is  a 
battery-powered  field  veraon  of  the  bacl^  tape  ston^e  system  cmnmon  to 
office  computers.  The  attribute  that  makes  die  streamirg  tape  ad^itable  for 
field  use  is  die  r^iid  rate  of  transfer.  The  tape  drive  motor  only  operates  when 
a  128-kilobyte  data  buffer  is  fiill.  af^roximately  race  every  7  min.  Ihe  motor 
switches  on.  first  rewinding  the  tape  to  die  end  of  the  previous  record,  then 
rapidly  "streaming"  the  data  rate  tape.  The  motor  is  then  shut  off  fra  another 
7  miiL  The  intermittent  format  allows  the  overall  power  consumption  to  be 
kept  reasonably  low  for  the  amount  of  data  transferred. 


The  streaming  tape  drive  recorc^^  ontc  bO-Mbyte  1/4-in.  tape  cartridges  in 
the  standard  QIC-24  format  Tape  necorder  specifications  are  listed  in 
Table  15.  The  microprocessor  idwaid  the  recorder  can  be  programmed  to 
accept  different  baud  rates  of  both  incoming  serial  data  and  operator  program¬ 
ming  commands.  The  operational  software  allows  the  recorder  to  be  inflected 
and  tested  for  electronic  problems.  &  is  also  possible  to  inspect  the  content  of 
a  dqie  to  trace  data  gaps  and  to  qurdify  the  eiids  of  records  to  oisure  that  data 
transfers  are  being  comideted  propeiiy. 
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Table  IS 

Straamlng  Tape  Drive  Spadflcatlona 


Volli«a: 

12V  min,  aOV  max  (12V  to  38V  optional) 

Currant 

Standby:  40  pA  min,  280  pA  4fp,  1  mA  max 

WNia  acquiring  dma:  30  mA  min,  SO  mA  max 

Tape  ntnning:  1.8A  av,  2.8A  max  wMt  15V  input  500  mA  (nMt  optional  NiCad  boostar 
bfldwy) 

Energy; 

100  ttiAH  (15V  banry)  par  MByla  max 

Ballaries: 

Alkaina  battory  pack,  12V  aaalad  laad-acid  badMy,  or  15V  MCad  bmmty  pack 

Serial; 

RS-232  compalUe  (-SV  to  5V  or  0  to  5V  levels) 

Baud  lalBS  300  -  3e.4k  baud:  7  or  8  data  bits; 

1  or  2  stop  bits;  even,  odd  or  no  parity 

Data  Formats 

ASCII,  ASCII  anoodad  hex,  84)il  binary,  foimatlad  ASCII-encodad  hex 

Capacity 

1  MByta  par  10  feat  of  tape 

Marfa 

Data  Elactianics  450  ft  or  556  ft  tape  oarliliad  for  10,000  ffpi,  or  any  0.25  in.  cartridge 
oartMad  for  10,000  ffpi 

Avarag*  R*tM 

Wrte: 

3  kBytss/sec  (max)  using  seiiai  intorface 

Read: 

2.8  kBytas/sec  (average)  using  sariai  interface 

Equivi^ffy.  6  mkVMByte  approx  (higher  rates  using  paraHai  interface) 

Deeign  Detaila 

Tape  Oliva: 

Tarakiarg  basic  tape  drive  (QIC-44)  wifft  Sea  Dates  modHicalions 

Formatlar 

Tandberg  QIC-24/QIC-02  with  Sea  Data's  modffictdions 

Controllar: 

Sea  Data  QB-8S  low-power  microprooessor  controled 

Buffer: 

128  kByte  standard,  256  kByte  optional 

I/O  Buffer: 

16  kByte,  serial  1^  interrupt  driven 

Mechanical  (HCR-880M  modular  version) 

Dimensions: 

6.20  in.  (15.75  mm)  dnmetsr,  15  in.  (38.10  mm)  high 

Weight; 

10.6  lb  (4.6  kg) 

Vibration: 

At  60-500HZ,  acceleration  1  G  (drive  in  operation) 

Impact 

50  mm  free  drop 

Environmental 

Temperature: 

-O'C  to  40°C  (drive  in  operation),  with  no  more  than  6°C  variation  per  hour 

Humidity: 

15  to  90%  RH  (drive  in  operation) 

Pressure: 

70  to  106kPa  (maximum  altitude  3km,  10,000  ft) 

Audible  Noise: 

45dBA 
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Isolated  Battery  Supply 


When  the  streaming  tape  drive  is  actually  rewinding  and  transferring  data 
onto  tape,  it  draws  over  1  A  of  current  from  a  -t-lS-V  batteiy  supfdy. 

Althou^  this  occurs  only  for  a  few  seconds,  it  is  enough  to  draw  down  the 
voltage  level  of  the  batteries  rnomemarily.  even  when  using  a  nickel-cadmium 
booster  battery  pack  designed  to  trim  the  peak  off  the  power  demand  curve. 

In  addition,  stray  motor  noise  leaks  from  the  tape  drive  iiao  the  power  supply 
lines.  Therefore,  a  separate  battery  siq)ply  is  provided  for  the  tape  recorder. 
Aside  from  preventing  detrimoital  voltage  sags  and  iwise  propagation,  the 
sq>arati(Hi  of  the  two  power  sources  also  extends  the  effective  life  of  both, 
allowing  longer  foil-power  deployments.  If  proUems  arise  in  one  of  the  two 
power  circuits,  a  separated  scheme  permits  longer  data  collection  time  before  a 
failure  and  prevents  damage  to  the  other  system. 


Pressure  Housing 

The  streaming  tape  drive  is  encased  in  its  own  uirderwater  pressure  housing. 
The  separate  housing  reinforces  the  modular  concept,  keeping  all  of  the  ARMS 
tripod  components  small,  thus  reducing  obstructions  to  the  local  flow  field. 

The  tape  housing  contains  twenty  6-V  lead-acid  gelled  electrolyte  batteries, 
providing  power  to  fill  a  60-Mbyte  tape  over  any  time  duration  of  deployment. 
The  modular  design  allows  quick  disconnections  in  the  field  for  easy  changing 
of  the  tape  before  redeploying  the  system. 

As  mentioned  above,  the  tape  housing  has  external  bulkhead  connectors  for 
incoming  serial  data  from  ARMS,  the  operator  interface,  and  the  main  battery 
supply  for  the  system.  Grouping  these  connectors  at  the  tape  container  allows 
the  operator  to  check  both  battery  supplies,  tape  drive  performance,  and  ARMS 
data  stream  status  from  a  conunon  location.  Schematic,  connector,  and  cable 
diagrams  are  provided  in  Appoidices  A,  B,  and  C. 
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Power  Requirements 

Hie  ARMS  ciicuitiy  requires  only  a  single  +  24-VDC  voltage  source  to 
supply  all  of  its  distributed  power  converters.  Dqiending  on  how  die  system 
is  programmed,  it  will  require  different  amounts  of  reserve  power  to  fulfill  die 
endre  dqdoyment  mission.  For  continuous  san^ling,  the  battery  pack  must 
sui^y  full  power  until  die  dqdoyment  is  over.  Over  staggered  or  conditional 
sampling  periods,  the  power  consumption  will  vary  fincun  full  drain  to  a  small 
standby  level.  For  both  sampling  scenarios,  rechargeaUe  sealed  lead-add 
batteries  provide  the  most  workable  fidd  solution  toward  the  t^Nimization  of 
battery  size  versus  ciqiacity. 

If  a  tape  is  used  to  store  ARMS  data,  its  60-Mbyte  length  determines  die 
total  dapsed  time  of  data  sampling  that  can  be  accomplished.  Under  die  nor¬ 
mal  range  of  data  acquirition  rates  with  the  full  complement  of  ARMS  instru¬ 
ments,  the  tape  will  be  full  in  3-5  days.  A  staggered  sampling  scheme  can 
collect  die  same  amount  of  data  over  a  longer  dqiloyment  with  idle  periods. 

A  battery  pack  that  has  just  enough  power  to  su{^ly  ARMS  for  a  cmnidete 
continuous  tun,  however,  will  not  have  enough  ctqiacity  to  provide  a  complete 
staggered  dqdoyment  over  a  longer  time  period.  This  is  due  to  the  extra 
standby  oqiadty  requited  for  the  idle  intervals  between  sampling.  The  idled 
system  draws  t^y  a  tiny  fraction  of  the  operating  power,  allowing  the  batter¬ 
ies  to  recover  sli^tly,  but  there  is  still  a  net  power  drain.  Dqiending  on  the 
schedule  of  intermittent  sampling,  induding  the  fiequoicy  with  whidi  instra- 
ments  are  activated  to  check  for  conditional  thresholds,  capacity  of  die  batter¬ 
ies  must  be  upgraded  accordingly. 


Battery  Options 

The  basic  power  cell  for  use  with  ARMS  is  a  rechargeable  sealed  +12-VDC 
lead-acid  storage  battery.  Two  of  these  units,  in  series,  produce  the  -t-24  V 
needed  to  tun  die  system.  If  the  batteries  are  pre-built  inside  plastic  under¬ 
water  housings,  they  may  be  direcdy  mounted  under  the  top  of  the  ARMS 
tripod.  This  allows  quidc  turnaround  of  the  system  between  deployments. 
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since  only  die  underwater  caUes  need  to  be  discosmected.  After  a  fiesh  pair  of 
batteries  is  mounted  and  die  is  changed,  the  cables  are  leomnected  and 
the  tripod  may  be  immediately  r^umed  to  die  seafloor.  This  can  feasiUy  be 
done  quiddy  onsite. 

Fbr  slighdy  longer  intermittent  deployments,  a  second  pair  of  batter¬ 
ies  can  be  added  to  provide  addidonal  power  capacity.  These  are  connected  to 
the  first  pair  in  parallel  and  switched  inside  the  tape  housing,  using  a  diode 
fmr  reverse  current  protectioa  This  nearly  douUes  the  reserve  ctqiacity,  minus 
a  small  percentage  due  to  reduced  efficiency  and  diode  voltage  drc^. 

To  provide  power  over  mondis-long  dqiloyments,  two  options  are  possible. 
First,  multiple  pairs  of  -t-12-V  batteries  may  be  daisy-chained  together  with 
level-sensitive  switches  that  change  battery  packs  autmnatically  when  a  padc 
has  diDf^ied  below  a  usable  leveL  A  second  optim  is  to  use  an  intermediate 
DC  ermverter  that  has  a  much  wider  irqiut  range  upstream  of  the  ARMS  power 
circuitry.  This  may  be  connected  to  hi^r-voltage  batteries  that  will  drain 
over  a  longer  time  period  before  ai^iroaching  the  lower  voltage  limit  of  the 
intermediate  converter.  Though  slightly  less  efficioit  due  to  increased  heat 
dissipation,  these  recently  available  wide-range  converters  may  allow  enougfi 
extra  capacity  to  make  certain  longer-term  deploymoit  sdiedides  possible. 
Battery  configurations  and  power  circuit  schematics  are  included  in 
Appendix  B. 
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Terminals: 

A  Clamping  coil,  positiv  side. 

B  Clamping  coil,  negative  side. 
C  Potentiometer,  contact  wire. 
^IPotentiometer,  ends. 


Figure  A7.  Compass 
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Figure  A8.  ARMS/BASS  circuit  chassis 
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Figure  A14.  Profilometer  connectors-XSL 
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Figure  A1 6.  Other  connectors-XSE 
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SIZE 

XSE 

TYPE 

BCR 

CCR 

CCP 

AAATEO(PSI) 
PRESSURE  RATING 

10.000 

10,000 

10,000 

HEX  OIAAENSION 
ACROSS  FLATS 

FLATS 

I.I2 

DIA 

1.25 

N/A 

AAATEO  LENGTH 

5.0 

8.0 

N/A 

THREAD  SIZE 

3/4- 
16  NF-2 

N/A 

N/A 

AAOUNTING  TORQUE 
(NOT  TO  EXCEED) 

75  IN 
LBS. 

N/A 

N/A 

1.  O-RING 

2-015 

2-015 

N/A 

2.  O-RING 

2-022 

N/A 

N/A 

3.  O-RING 

N/A 

N/A 

2-014 

4.  O-RING 

N/A 

N/A 

N/A 

MATING  CONNECTOR 

XSE-CCP 

XSE-CCP 

N/A 

OPTIONAL  THREAD 
LENGTH 

N/A 

N/A 

N/A 

NUT  &  WASHER  SET 

3/4-16 

N/A 

N/A 

Figure  A17.  XSE  connector  specifications 
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Figure  B4.  Controller  board  circuit  diagram 
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Figure  B5.  Profilometer  circuit  diagram 


Figure  B6.  Serial  driver  diagram 
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Figure  B9.  ARMS  chassis  diagram 
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POWER  /  TAPE  CONNECTOR 

1.  RXDAT  into  tape  drive  (green) 

2.  Spare  tape  line  (  shield  ) 

3.  Spare 

4 .  Spare 

5.  Spare 

6.  Spare  tape  line  (  white  ) 

7.  Tape  OSR  (  red  ) 

8  Tape  GNO  (  Dlack  ) 

9.  +24  volt  O.C.  from  batteries  (  red) 
10.  GNO  from  batteries  (black) 


Figure  BIO.  Power/tape  connector  pinout 


OPERATOR  INTERFACE  CONNECTOR 

1.  GNO 

2.  BATTERY  SUPPLY 

3.  TAPE  SUPPLY 

4.  TXC  INTO  TAPE 

5.  RXD  INTO  HPC 

6.  CONTROL  LINE 


Fi^re  B1 1 .  Operator  interface  connector  pinout 
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Figure  B12.  External  cabling  diagram 


Figure  B13.  External  connector  layout 
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>USER  INTERFACE 
GROWER  TO  AND 
DATA  FROM  ARMS 


OR 


^  USER  INTERFACE 
>  POWER  TO  AND 
DATA  FROM  ARMS 


SEPARATE 

BATTERY 

SUPPLY 


Figure  B1 4.  Battery  configuration  diagram 
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Cl 


(1)  HPC  presents  first  ST2  value. 

(2)  HPC  presents  second  ST2  value. 

(3)  HPC  starts  driving  bus  to  present  address. 

(4)  HPC  starts  driving  bus  to  present  data. 


Figure  C2.  Controller  write  cycle  -  no-wait  states 
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Figure  C5.  Programmable  logic  device  timing  -  read  and  write 
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(ENU) 


(a-BIT) 


(ENUR) 


Figure  C6.  Controller  serial  communication  data  flow 
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Figure  C7.  Analog  conversion  timing  diagram 


Figure  C8.  Analog  conversion  timing  characteristics 
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PRES/  DATA/ 

AGP  TEMP  POWER  HANDSS 
rn  I  II  I 

ENDCAP 


POWER 

SERIAL 

— >  POWER 

1—^  SERIAL 
— ^  POWER 

SIGNAL  CONDITIONING 

^  POWER 

>  SIGNAL  CONDITIONING 


Figure  CIO.  internal  instrument  signal  cabling  -  ARMS 


Appendix  C  Circuit  Signals  and  Timing  Diagrams 


C9 


POWER 


O- 

o» 

O- 

O* 

O* 


1;  BASS  into  HPC  (wOitel 
2;  Data  out  to  tape  igreeni 
3;  OSR  out  to  taoe  (red! 

4.  HANOSS  into  HPC  (greyl 
5:  GNO  (black) 


SERIAL 

DATA 

BOARD 


O- 

O* 

O* 

O* 

O* 


1;  GNO  battery  .'black! 
2:  *24V  battery  (red) 
3:  Open 

4;  GNO  BASS  (blecki 
5:  *24V  BASS  (red) 


PRESSURE  /  TEMP 


O  O  O  O 


O  O  O 


A  C  P 


1:  +J5V  (green) 
2:  GNO  (black) 

3:  VPRES  (red! 

7.  NC 

B:  GNO  (shield) 
9:  VTEMP  (white) 


D  I  P 


POWER  BOARC 

A  T j5  V  (red! 

B:  Power  Ground  (black) 
C;  -15  V  (clue/orange) 


SIGNAL  CONDITIONING  BOARD 
3:  Key  (green) 

4:  Signal  Common  (brown) 

5:  Exl  gam  (purple) 

6.  Ext  return  (white) 

7;  Signal  output  (yellow) 


Figure  Cl  1 .  ARMS  irrtemal  connector  lines 
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Figure  Cl  2.  Block  diagram  of  controiier  irrterrupt  logic 
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Operational  Code  of  Core  Program 


.TITLE  ARMSOS,  'Operating  Systee  of  ARMS' 


ARMSOS:VER  1 .0  OS  of  Acoustical  Resuspension  Measuring  Systea 
~0hio  State  University  Coastal  Engineering  Lab 


.incld  reg16083.inc 

basslen  «  0x26 

proflen  ^  0x78 

exlen  «  0x18 

.sect  buffer, base, rel 


bass  data  buffer  size  <1/4  sec) 

120  bins  of  profiloeeter  size  (1  sec) 

6X4X1  bytes  storage  space  for  rest  saaples 


stks 

bassbuf 

exbuf 

gapln 

nuechr 

nunout 

cadin 

cadout 

endbuf 

pendbuf 

padout 

teap 

block 

record 

oneblk 

intflag 

addpt 

profcnt 

exbufptr 

.endsect 


, base, rel  ;  sector  definition 

.dsw  0x10  ;  aake  rooa  for  stack 

.dsb  basslen  ;  aake  rooa  for  bass 

.dsb  exlen  :  aake  rooa  for  extra  transducers 


.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsw  1 
.dsb  1 
.dsw  1 
.dsb  1 
.dsw  1 


not  xait  busy  signal  check  flag 

nuaber  of  holding  bytes  in  bassbuf 

nuaber  of  sent  out  froa  bassbuf 

current  address  of  incoaing  bass  byte  in  buffer 

current  address  of  outgoing  bass  bytb  in  buffer 

address  of  top  bass  buffer 

top  address  of  profbuf  buffer 

current  address  of  outgoing  prof  byte  froa  profbuf 
teaporary  address  holding  word 
block  counter  (10  ain) 
record  counter  (1  sec) 

1  block(IOain)  »  600  rec(sec) 

flag  of  integrator  indicator 

address  pointer  of  prof  data  addition 

profile  counter  for  1  fraae  addtion 

extra  transducers'  readings  storing  pointer 


.sect  vars,raa16,rel  ;  sector  for  holding  teaporary  address  or  flags 

profbuf  .dsb  proflen  ;  aake  rooa  for  profbuf 

prof add  .dsw  proflen  ;  aake  rooa  for  addition  storage 

.endsect 


.sect  code, real 6, rel 
.ipt  S,  checkin 


Id  psw,#0ff18 

Id  Ircd, 400005 

Id  sp,4stks 

jsr  setup 


enable  external  aeaory  with  1  wait  state 
(EA  bit  on) 

enable  ROY  function  giving  extra  wait 
and  set  12  pin  polarity  high 
initialize  stkptr 
general  initial  setup 


uloop: 


Id  divby, 402250 


jp  uloop 


;  setup  CKX  pin  for  9600  baud  (P20MHz) 


;  wating  input  interrupt 


initialization  subroutine  -  to  get  the  systee  ready  for  an  UART  op. 


setup: 

Id  enir, #00000  ; disable  all  interrupts 

Id  irpd, #00000  all  pendings 

Id  enur, #00000 

Id  enu, #00000 

; initialize  tiaers 

Id  taaode , #04440  ;  initlz  T1,T2,T3  tiaers 

nop 

nop 

Id  taaode,#0ccc8 

Id  divby, #00000  ;  stop  tiaers 

Id  t3,#00  ;  initlz  t3  register 

Id  r3,#00  ;  initlz  r3  register 

Id  portb,#0fb18  ;  initial  state  of  B  pins 

Id  dirb,#0639f  ;  bO  =  tdx,  b1  dsr,  b2  >  uart  elk, 

;  b3  =  T2,  b4  =  T3,  b7  =  KEY 
;  b8  ==  /HIA,  b9  =  /HIB,  blO  =  ALE 
;  b11  =  /WR,  b12  =  /HBE,  b13  =  /RIA 
;  b14  =  /RIB,  bis  =  /RO 

Id  bfun,#0001d  ;  port  B  functions  as  tdx,  elk,  T2,  T3 


Id  cadin,#bassbuf  ;  initlz  bassbuf  parameters 

Id  cadout,#bassbuf 

Id  endbuf ,#bassbuf^basslen-l 

Id  nuachr, #00000 

Id  nuaout, #00000 

Id  padout,#profbuf  ;  initlz  profbuf  parameters 

Id  pendbuf  ,#profbuf'*^proflen*1 

Id  block, #00001  ;  initlz  block  counter 

Id  record, #00000  ;  initlz  record  counter 

Id  gapin, #00000  ;  initlz  calm  detect  pointer 

Id  exbufptr,#exbuf  ;  reset  pointer  after  1-sec  samplings 

;  clear  profilometer  data  buffer  location 
bufclr: 

Id  bk,#profbuf ,#profbuf+proflen-l  ;  set  clearing  bounds 

clr  a  ;  reset  A  register 

xs  a,(b+].b 

jp  bufclr 

;  setup  routine  for  ADC  and  PSO  operations 

Id  intflag,k000  ;  initlz  integrater  sel  .f lag  as  Ch  A 

Id  portp, #01000  ;  initlzly  select  AO  channel  1  as  logic  0 

;  initlz  /CS  and  /RD  of  AO  as  logic  1 

Id  a,rbuf  ;  clear  eri 

Id  enui,#002  ;  uart  elk  and  eri 

Id  enir, #041  ;  enable  uart  intrpt 

ret 
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checkin: 


pxini: 


rx: 


tx: 


pxmit : 


interrupt  handler 

ISSSSSSSttXXSSSSSXSSSSSSSSSSSSSSSSSSSSSSSSZSSSSSSSSSSSSSSSSSSSSSSSSS*-  s 


ifbit 

1  ,enu 

» 

if  rbfl  is  set,  means  busy  in  receiving 

ip 

rx 

ff 

go  to  receiver  intrpt.  rtn. 

inc 

gapin 

f 

reconignize  no  event 

ifgt 

gapin, #00010 

t 

consec.  xIO  events  of  waiting  input 

jP 

pxini 

9 

check  prof  xnit 

ifgt 

nuachr,#00 

9 

means  some  bass  data  waiting  for  xnit 

jP 

tx 

9 

xnit  a  bass  data  routine 

JP 

checkin 

9 

waiting  next  event 

jar 

profsample 

; 

sample  profilometer  eight  times 

ifgt 

nuaout,#0017c 

1 

check  number  of  bytes  sent  out 

Jsr 

pxmit 

s 

YES,  process  prof  data  sending  out 

JP 

checkin 

t 

waiting  next  event 

iSSSSXSSXSSSSSSSSSSSXXSXXSSSSSXSXSSSSXXXSXXSeSSSSSSSSSSSXSSSCBZSSXex 

Subroutines 

:SSXSSSSXSSSS3SSSXXSSCSSSSSSSSSSSXSSSSSXSSSSBSSSSSSSSSSSSBSSSXSXXS«S 


Id 

a,rbuf 

inc 

numchr 

St 

a,(cadin] .b 

Id 

a,cadin 

inc 

a 

ifgt 

a,endbuf 

Id 

a,#bassbuf 

St 

a,cadln 

Id 

gapin , #0000 

jP 

checkin 

Id 

a, [cadout] .b 

jsr 

chkopen 

St 

a,tbuf 

Id 

a, cadout 

inc 

a 

ifgt 

a,endbuf 

Id 

a,#bassbuf 

St 

a, cadout 

Id 

a, numchr 

dec 

a 

St 

a, numchr 

inc 

nunout 

Id 

gapin , #00000 

jP 

checkin 

jsr 

average 

Id 

padout, #profbuf 

jsr 

heading 

get  the  character 

increase  #  of  holding  bass  bytes  cnt . 

store  in  the  circ.  buffer 

get  input  buffer  ptr. 

next  location  in  the  buffer 

is  ptr  >  end  of  buffer  7 

YES,  so  initlz.  it  to  start 

No,  save  the  current  ptr 

reset  caln  period  detector 

Mating  consec.  bass  input 


get  the  char,  to  be  tx  from  buffer 

check  whether  the  pin  open  now 

write  onto  the  tx  buffer 

get  the  ptr  to  buffer 

ptr  to  next  location 

ptr  >  end  of  buffer  ? 

YES,  so  wrap  it  to  begining 

put  it  back 

load  holding  counter 

decrease 

put  it  back 

increment  of  sent  out  counter  in  1  sec 
reset  interval  counter 
waiting  next  event 


do  ensemble  averaging  of  prof  data 
one  averaged  bin  takes  two  bytes (word) 
later  it  has  to  be  one  byte. 
re_initlz  padout  pointer 
do~heading  job  (record,  block) 
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cont ; 

Id 

a, (padout] .b 

load  a  prof  byte  to  send  out 

jsr 

chkopen 

check  whether  the  pin  open  now 

St 

a,tbuf 

sending  out 

Id 

inc 

a, padout 
a 

load  loading  pointer  in  profbuf 
increase  pointer 

ifgt 

a , pendbuf 

check  top  of  profbuf 

jP 

St 

onerec 
a, padout 

do  the  record  processing 
save  current  pointer  info 

ip 

cont 

send  next  byte  process 

onerec : 

Id 

a,#profbuf 

YES,  initlz  the  pointer 

St 

a, padout 

save  current  pointer  info 

Id 

nuaout , #00000 

reset  the  sent  out  counter 

Id 

gapin, #00000 

reset  interval  counter 

Id 

exbufptr,#exbuf 

reset  pointer  after  1-sec  samplings 

inc 

record 

increase  the  record  counter 

inc 

oneblk 

increase  the  one  block  counter 

ifgt 

oneblk,#600 

7  tine  to  increase  block  counter 

jsr 

addblk 

jump  to  block  increment  routine 

ret 

retrun  to  call  sub  rtn. 

heading; 

Id 

tenp,#block 

get  adress  of  block  pointer 

Id 

a, [temp] .b 

load  high  byte  of  block  counter 

jsr 

chkopen 

check  whether  the  pin  open  now 

St 

a,tbuf 

xnit 

inc 

temp 

low  byte  adress 

Id 

a, ( temp] .b 

load  low  byte  of  b.c. 

jsr 

chkopen 

check  whether  the  pin  open  now 

St 

a.tbuf 

xnit 

Id 

temp,#record 

load  record  adress 

Id 

a, (temp] .b 

load  the  high  byte  record  counter 

jsr 

chkopen 

check  whether  the  pin  open  now 

St 

a,tbuf 

xmit 

inc 

temp 

low  byte  adress 

Id 

a, ( temp] .b 

load  the  low  byte  record  counter 

jsr 

chkopen 

check  whether  the  pin  open  now 

St 

a,tbuf 

xmit 

ret 

return  to  calling  routine 

addblk ; 

inc 

block 

increase  the  block  counter 

Id 

oneblk, #00 

reset  the  one  block  counter 

ret 

return  to  interrupt  call  routine 

chkopen: 

ifbit 

0,enu 

f 

check  xmit  port  open 

ret 

OK,  it’s  open  now 

jP 

chkopen 

check  again 

profilometer  sampling  routine 


prof sample : 

Id  prof cnt, #000  ;  initlz  profile  counter 

addsample ; 
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sbit 

7,portbl 

do  toggle  high  of  KEY  pulse 

nop 

gives  1  micro -sec  delay 

nop 

gives  another  1  micro -sec  delay 

rbit 

7,portbl 

reset  KEY  pulse 

Id 

t2,«00100 

load  T2  register  for  200  micro -sec  delay 

rbit 

2 , tmmode 

start  T2  clock 

chkt2; 

ifeq 

t2, #00000 

check  underflow 

ip 

first  RIA 

generate  the  first  RIA  pulse 

JP 

chkt2 

do  loop  for  checking  t2  underflow 

f irst_RIA 

sbit 

2 , tmmode 

stop  T2  clock 

rbit 

5,portbh 

do  toggle  low  of  the  1st  /RIA 

nop 

give  1  Micro -sec  delay 

Id 

bk,#profbuf ,#prof6uf'*^proflen-1  :  set  start  and  end 

;  this  instruction  acts  as  a  delay 
;  address  of  profilometer  buffer 

sbit 

5,portbh 

reset  1st  /RIA 

docon: 

ifeq 

intflag,#001 

if  Ch  6  now 

ic 

preCh  B 
portbH,#0fa 

YES,  9o  toggle  lines  for  Ch  B 
initlz  /HIA,  /HIB,  /RIA  and  /RIB 

low  high  high  high 

89  BIO  B13  B14 

rbit 

0,portpl 

seladc 

select  AOC  Chi 

jP 

jump  to  start  sampling 

preCh_B: 

Id 

portbh,#0f9 

set  /HIA,  /RIA  and  /RIB  as  high 

set  /HIB  as  low 

sbit 

O.portpl 

select  ADC  Ch2 

seladc: 


4,portph  ;  get  low  fCS  and  /RO  signals 

;  to  begin  sampling 

4,portph  ;  complete  one  conversion  process 

a.OcOOO.b  ;  read  PSD  porta  bits  (VOLTS) 

a,|b+).b  ;  store  in  the  buffer 

wait  ;  NO,  stay  inner  bound  and  go  wait  rtn. 

onedone  ;  sampling  of  profilometer  done  and  jump 

;  to  next  step 


intf lag,<y001  ;  if  int.  flag  indicates  channel  A 

Ch_B  ;  NO,  select  channel  B  rtn. 

6,portbh  ;  get  low  reset  signal  of  /RIB 

0,intflag  ;  reset  flag  to  select  B  channel  next 

docon  ;  next  conversion 


onedone : 


addbin ; 


5,portbh  ;  get  low  reset  signal  of  /RIA 

0,intflag  ;  reset  flag  to  select  A  channel  next 

docon  ;  next  conversion 


profcnt  ;  increase  profile  counter 

addpt,#profadd  ;  initlz  addition  pointer 

bk,#profbuf ,#profbuf+proflen-1  ;  set  start  and  end  address 

;  one  profile 
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next_prof 

interval: 


exsample: 


Ids 

jP 

a,(b+J.b 

next_prof 

;  load  stored  value 
;  juap  to  an  next  sampling 

add 

inc 

ip 

a, (addpt] .w 

addpt 

addbin 

;  add  current  content 
;  increase  one  word  index 
;  do  continue  to  add  bins 

ifeq 

jap 

prof  cnt,/f  008 
exsaaple 

f 

$ 

if  8  profiles  were  sampled  and  added 

YES,  juap  to  sample  extra  data  sets 

jap 

---time  interval 
addsaaple 

;  give  interval  between  each  profile 

routine  will  be  here . 

;  juap  to  get  one  aore  profile 

other  transducers  saapling  routine 
pressure,  teaparature,  tilt,  coapass,  OBS 


Id 

rbit 

portpl,ff010 

4,portph 

sbit 

Id 

St 

inc 

4,portph 

a,Cc000.b 

a,exbufptr 

a,exbufptr 

Id 

rbit 

portpl,#011 
4 , portph 

sbit 

Id 

St 

inc 

4,portph 
a , OcOOO . b 
a.exbufptr 
a,exbufptr 

Id 

rbit 

portpl,#100 
4, portph 

sbit 

Id 

St 

inc 

4, portph 
a , OcOOO . b 
a.exbufptr 
a.exbufptr 

Id 

rbit 

portpl,#101 
4, portph 

sbit 

Id 

St 

inc 

4, portph 
a , OcOOO . b 
a.exbufptr 
a.exbufptr 

Id 

rbit 

portpl.ffllO 
4, portph 

sbit 

Id 

St 

inc 

4. portph 
a , OcOOO . b 
a.exbufptr 
a.exbufptr 

Id 

rbit 

portpl,#1 1 1 
4, portph 

set  AO  channel  as  Ch_3  for  _pressure 

get  low  /CS  and  /RO  signals 

to  begin  saapling 

complete  one  conversion  process 

read  PSD  porta  bits  (VOLTS) 

save  reading 

increase  storing  pointer  by  1 

set  AO  channel  as  Ch_4  for  teaparature 

get  low  /'■$  and  /RD  signals~ 

to  begin  sampling 

complete  one  conversion  process 

read  PSD  porta  bits  (VOLTS) 

save  reading 

increase  storing  pointer  by  1 

set  AD  channel  as  Ch_5  for  _tilt 
get  low  /CS  and  /RO  signals 
to  begin  sampling 
complete  one  conversion  process 
read  PSD  porta  bits  (VOLTS) 
save  reading 

increase  storing  pointer  by  1 

set  AO  channel  as  Ch_6  for  _conipass 

get  low  /CS  and  /RO  signals 

to  begin  sampling 

complete  one  conversion  process 

read  PSD  porta  bits  (VOLTS) 

save  reading 

increase  storing  pointer  by  1 

set  AO  channel  as  Ch_7  for  _pressure 

get  low  /CS  and  /RD  signals 

to  begin  sampling 

complete  one  conversion  process 

read  PSD  porta  bits  (VOLTS) 

save  reading 

increase  storing  pointer  by  1 

set  AD  channel  as  Ch_8  for  _open 
get  low  /CS  and  /RO  signals 
to  begin  sampling 
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sbit  4,portph 

Id  a.OcOOO.b 

St  a.exbufptr 

inc  a.exbufptr 


;  complete  one  conversion  process 
;  read  PSD  porta  bits  (VOLTS) 

;  save  reading 

:  increase  storing  pointer  by  1 


jap  checkin 


juap  to  get  bass  data  interrupt 


average : 


Id 

Id 


nextbin_avg: 


;  enseable  averaging  routine  to  caclulate 
;  32  tiaes  per  second  prof,  data 

Cadout,#profbuf  ;  set  output  buffer  ptr 

k,«profadd,«profadd4^proflen*2-2  ;  set  clearing  bounds 


Ids  a,(b'«-].w 

ret 

shr  a 

shr  a 

shr  a 

shr  a 

shr  a 

St  a,(padout].b 


;  in  above  routine  only  low  byte  (LS8 
;  word  to  byte  operation 


;  load  one  bin  prof  datua 
;  liait  passed, 

;  return  to  send  out  rtn. 
;  divide  by  2 
;  divide  by  4 
;  divide  by  8 
;  divide  by  16 
;  divide  by  32 

;  store  one  bin  in  output 
;  buffer 

bits)  will  be  stored  in  output  buffer 


Id  a,padout 

inc 

jp  n€xtbin_avg 


;  increse  store  pointer 
;  increse  one 
:  do  loop  until  finishing 


.endsect 
.end  go 
.end 
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.title  talk 

;  An  interrupt  subroutine  for  transmitting  data 
;  Transmit  from  a  circular  buffer  of  size  BUFLEN 
;  Transmit  only  on  -CTS  (14) 

BUFLEN  =  128 
WBUFLN  =  64 
THERM  =  0X0200:HORO 
TMMODE  =  0X0190:HORD 
OIVBY  =  0X018E:HORD 
T3  =  OX018C:HORO 

R3  0X018A:HORD 

PHMOOE  >=  OX01SO:NORO 
TBOF  =  0X0126: BYTE 
RBUF  0X0124:  BYTE 

ENUI  0X0122:  BYTE 

BFUN  <=  OXOOF4:HOiU) 

DIRB  «=  OXOOF2:HORO 
PORTI  0X00D8:BYTE 

IRCO  >=  0X0004:  BYTE 
ENIR  =  0X0000: BYTE 
BOFTOP  =  0X0010:WORO 
BUFBOT  =  0X0012 :HORO 

. sect  C_STACK , RAM16 , WORO 

.public  STACK_start,STACK_end 
STACK_start: 

.OSH  256 
STACK_end: 

•public  BUFP 

BUFP: 

.OSH  1 

.public  INBUF 

INBUF: 

. OSH  BUFLEN 

. endsect 

.sect  TEST_MAIN,ROM16,WORD 
UART_SEND; 

;  XHXT  one  byte  via  UART 

PUSH  A 

PUSH  X 

;  LD  A, PORTI  ;  Sample  CTS  (14) 

;  ANO  A.B,|H'10 

;  IFEQ  A.B,|H'10  ;  Clear  &  exit  on  high 

;  JMP  CIJ1_TBMT 

LO  X,BUFP.W  ;  Pointer  to  next  byte  to  XMIT 

IFEQ  X,  iINBUF+ BUFLEN  ;  Wrap-around  circular  buffer 

LD  X, I INBUF 

IFEQ  X,BUFTOP  ;  More  bytes  to  XMIT? 

JMP  CIR_TBMT 

X  A,[X+].B 

ST  A,TBUF 

LD  BUFP.W,X 

JMP  US_END 

CLR_TBMT: 

AND  ENUI,#H'FE  ;  Clear  XMIT  interrupt 

US_END: 

POP  X 

POP  A 

RET  I 
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.ipt 


6,UART_SEHD 


;  Restart  XMIT  cycle  when  CTS  goes  low 


CTSOK : 

JSR  UART  SEND 

RET 

.ipt  4,CTS_OK 
TEST_MAIM: 

LD  SP, fSTACK_start 

LO  BUFP.H.flMBUF  ;  Inbitialize  buffer  pointer 

LD  K.H.  I INBUF-tHBUFLN 

LO  THIfOOE,fH'4440  ;  Stop  timers  T1  -  T3 

NOP  ;  Delay  8  cycles  of  CK2  clock 

NOP 

LO  THHOOE.IH'CCCS  ;  Clear  PHD  bits,  TO  -  T3 

LO  PHHOOE.fH'4444  ;  Same  for  T4  -  T7 

NOP  ;  Oelay  8  cycles  of  CK2  clock 

NOP 

LO  PHMOOE.IH'CCCC  ; 

LO  BFOM.fH'OOOl  ;  XHIT  on  60  of  PORTB 

LD  OIRB.IB'OOOI  ;  It's  an  output 

LD  OIVBY,fH'2010  ;  Set  Order-of-Mag.  for  T3,T2,UART,Microwire 

LO  lt3,iH'0006  ;  17  MHz/( (6-t-l)x256)  -  9487 

LO  T3,fB'0006  ;  -It  error  from  9600  Baud 

LO  n(MOOE,fB'O440  ;  Start  T3 

;  Set  UART  and  CTS  (14)  bits  in  ENIR  register 
;  and  ETZ  bit  In  the  ENOZ  register. 

;  Clear  XRCIJC  and  XTCZX  bits  in  the  ENUZ  register. 

LD  ENDI,#B'C1  ;  2  stop  bits,  enable  XKIT  interrupt 

LD  IRCO,iO  ;  Trigger  interrupt  on  falling  edge 

LD  BOFBOT,fZNBUF  ;  Initialize  head  and  tail  of  circular  queue 

LD  BOFTOP,  flNBUF 

LD  ENIR, IB'SI  ;  Enable  UART,  14  and  global  interrupts 

« 

9 

;  This  section  of  the  program  would  load  data,  and  increment  BUFTOP  as  it 
;  goes.  .  Then,  when  transmission  is  allowed,  it  would  enable  interrupts 
;  and  kick  off  the  process  by  enabling  interrupts  and  doing  a  JSRL 
;  (Jump  to  SubRoutine,  Long)  to  UART_SEND.  When  it  is  time  to  collect  more 
;  data,  it  disables  interrupts,  and  so  on.  If  you  ever  have  to  test  the 
;  value  of  BUFBOT,  be  sure  to  disable  interrupts  (or  at  least  the  UART  and 
;  CTS  interrupts)  first. 

9 

LOOP2: 

LO  A,f0 

LOOPl:  ;  100-count  idle  loop 

LO  B, «0 

LOOP3: 

NOP 

NOP 

NOP 

NOP 

INC  B 

IFGT  B,fl00 

JMP  NOLOOP3 

JHP  L00P3 

NOLOOP3 : 

INC  A 

IFGT  A, I 1000 

JMP  NOLOOPl 

JMP  LOOPl 

NOLOOPl: 

AND  ENUI,|H'FE  ;  Clear  XMIT  interrupt 
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LO 

B, fINBUF 

LO 

A,  to 

LOOPO: 

ST 

A,{B].B 

INC 

B 

INC 

A 

IPGT 

A,fBUFLEN 

JMP 

NOLOOPO 

JKP 

LOOPO 

NOLCX)PO: 

LO 

BOFP.W, iINBOF 

LD 

BOFTOP,  iINBOF+HBOFIJf 

OR 

ENUI«iH*01  ;  Enable  EMIT  interrupt 

JSRL 

DART  SEND 

OMP 

LOOP2 

JKP 

.END 

TESTJIAIK 

Appcndx  D  Softwara 


.title  listen, 'A  test  progras  to  siigtly  listen  to  the  BASS' 

;  and  store  data  to  seaory 
;  Progras  sections: 

;  1)  Initialise  HPC 
;  2)  Initialise  tiaiers 

;  3)  Initialise  UART,  including  interrupts 
;  4)  Set  sesoty  buffer  and  loop  'til  buffer  full 
;  S)  Interrupt  routine  reads  data 
;  and  incresents  buffer  pointer 

BUFLBM  ••  64 
RBUF  -  0x0124 :byte 
TMHOOB  >  0x0190:«iord 
FWNOOB  <-  0x01S0:%«ord 
BFON  0x00F4:word 
DXRB  -  0x00F2:%iord 
DIVBY  «  0x018B:word 
R3  0x018A:word 
T3  -  0x018C:word 
EMUI  •  0X0122: byte 
EMIR  •  0x0000: byte 

.sect  C_S'iACK,RAM16,fK>RO 

.piblic  STACK  start, STACK_end 
STACK  start: 


.OSH 

256 

STACK  end: 

.public  BUFF 

BOFP: 

.OSH 

1 

.public  INBOF 

IMBUF: 

.OSH 

BUFI£N 

.endsect 

.sect  TEST 

,KAIN,RON16,NORO 

UART  RCV: 

to 

A, RBUF 

LO 

X,BUFP.H 

X 

A,  (X-»^].B 

LD 

BUFP.H.X 

RETI 

.  ipt 

6,UART_RCV 

TEST  MAIN: 

LO 

SP.tSTACK  start 

LD 

TMMODE, fH~4440 

Stop  timers  T1  -  -T3 

NOP 

Delay  8  cycles  of  CK2  clock 

NOP 

LO 

TKHODE,  fH’CCCS 

Clear  PNO  bits  (pending  interrupts)  ,  TO  -  T3 

LD 

PHH0DE,fH'4444 

Same  for  T4  -  T7 

NOP 

Delay  8  cycles  of  CK2  clock 

NOP 

LO 

PHHODE.IH'CCCC 

LD 

BFUN.IH’OOOO 

This  program  listens  only 

LD 

DIRB,tH'0000 

so  clear  TDX 

LD 

DIVBY, tH'201D 

Set  Order-of-Magnitude  for  T3,T2,UAHT,Microwir 

LD 

R3,fH'0006 

17MHz/ (  (64^1)  X256)  »  9487 

LO 

T3,IH'0006 

*1%  error  from  9600  Baud 

LD 

TMMODE, IN' 04 40 

Start  T3 

;  Set  UART  bit  and  GIE  bit  in  ENIR  register. 
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;  and  ERI  bit 

in  the  ENUI  register.  Clear  XRCLK  bit  in  the  ENUI  register. 

LO 

ENUI. IH* 82 

t 

2  stop  bits,  enable  receive  interrupt 

LO 

ENIR.iHMl 

• 

» 

Enable  UART  interrupts 

LO 

BUFP.W, fINBUF 

0 

Initialize  buffer  pointer 

LO 

X.IINBUF 

0 

Base  of  input  buffer 

LOOP;  LO 

ENIR.fH'41 

0 

Enable  UART  interrupts 

NOP 

NOP 

NOP 

NOP 

NOP 

LD 

ENIR.IH'OO 

0 

Disable  UART  interrupts 

LO 

A,  IXNBUF-t-BUFLEN 

0 

Check  current  buffer  pointer 

LO 

X,  BUFP.W 

IPGT 

A.X 

JMP 

LOOP 

LO 

ENUI, fH' 00 

0 

Disable  interrupts 

LO 

ENIR.fH'OO 

JMP 

• 

.ENO 

TEST_MAIN 

AppandxD  Softwm 
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